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>~A random vibration (RV) test in the 5- to 500-Hz range is pro-
posed as a replacement for the MIL-STD-331, Method 119, standard
swept sinusoidal transportation vibration (TV) test (5 to 500 Hz,
5 g peak) currently used for lot acceptance testing of M732 fuze
safety and arming (S&A) production modules. The objective of this
Materials Test Technology (MTT) project is to establish RV test
criteria that will produce "damage" to the S&A module equivalent t
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20. Abstract (cont'd)

-that incurred in the standard TV test, but to do so in a manner
more consistent with field-imposed TV conditi-ons and to do so in a
much shorter test period._

One hundred units of the M732 S&A's were taken from a stand-
ard lot and set aside for this project. The criteria established
for damage equivalency evaluation were post-test operability
(turns-to-arm--TTA), visual inspection, dimensional measurements,
and chemical-mechanical analysis. Also, information was obtained
regarding module response to vibration and frequency sub-bands to
which the module or its component parts are most sensitive. The
information resulted from use of a triaxial accelerometer and a
strain gage mounted on the module, and by an isolation-mounted
acoustical pickup. Data from the first two transducers were
analyzed in detail by use of computerized spectral analysis meth-
ods.

Predictions of a 60-percent reduction in test time came about
through empirical evaluation of the number of reversal cycles per
sweep cycle for the standard TV test and mathematical analysis
based on "false alarm" noise theory. RV tests at 5, 10, 15, and
20 g rms for 20 min/axis bracketed damage (ascertained by TTA and
visual inspection) achieved in the standard test in a 4-hr period.
Acoustical test data and spectral analysis results indicated most
activity (thus damage) occurred in the 50- to 250-Hz sub-band.
Narrower activity sub-bands were also determined, but because of
the specific scope of the project, these observations were not
verified as to the specific cause. Other definitive conclusions
were that lubrication of units was a very important determinant
in affecting final damage, and that transverse vibration was a
more severe test than axial vibration. Additional tests and
evaluations must be performed to finalize specific parameters re-
garding envelope shape for RV testing, spectral amplitudes, and
corresponding test time duration per axis.
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I, INTRODUCTION random TV (RTV) test. It was also proposed that,
at a later date, the procedure would be refined by

The standard transportation vibration (TV) test evaluation of field-recorded TV data aid that test
for qualification of ordnance fuze materiel current- criteria would be updated on both the RTV spec-
ly invokes a swept sinusoidal frequency spectrum trurn and the required test time duration.
to drive an electrodynamic shaker, upon which the
test unit is mounted. Specific frequency and time A discussion of background theory, procedures,
"conditions are imposed by MIL-STD 331, Method instrumentation, test data, and analysis of test
119. Procedure I of this test calls for a sinusoidal results follows.
sweep covering 5 to 500 Hz at a rate of 1 cycle
(5-500-5 Hz) per hour, with four such cycles
applied consecutively in each of three mutually 2. PROGRAM PLAN
perpendicular directions. One axis must be coinci-
dent with the longitudinal fuze axis; the total test Although no investigation was made for this
time is 12 hours. (Procedure II of the test is similar report as to how the swept sinusoidal MIL-STD test
but mandates 2 hours of testing per axis for a total was designed or originally formulated, its con-
test duration of 6 hours.) tinued use suggests that it has served its purpose in

providing reliable ordnance units, despite the
Basically, MIL-STD 331, Method 119, has drawbacks previously mentioned.

been the standardized TV fuze validation and lot ac-
ceptance procedure for more than two decades. Even though the standard test's relevancy to the
Even so, it should be noted that the test itself "real world" TV environment is unknown, the
evolved as a convenient TV criterion; it specified initial step in establishing the validity of the
test conditions that could be described precisely proposed RTV test method was the intention of
and duplicated readily at a variety of installations, showing the equivalence of the two test methods In
thus, tests done anywhere provide similar data, It terms of their damage potential to ordnance ma.
should also be noted that the standard test made no teriel. The item selected for this purpose was the
attempt to "simulate" actual field TV conditions S&A unit from the M732 fuze - a device designed,
since the real environment In almost all instances engineered, and brought into production by
consists of a random vibration spectrum rather Harry Diamond Laboratories (HDL) engineers.
than the specified discrete sinusoidal sweep.

The "equivalency" concept was quite simple:
Although the TV test has provided a somewhat sample units were run using the standard TV teat

adequate validation criterion, it does have techni- criteria as controls, then other units were subjected
cal deficiencies, and the test procedure itself is to random TV testing for comparison and cvalua-
time-consuming and costly. In considering methods tion, A basic criterion (evaluation parameter) was
to reduce test time and cost without impairing test to be the number of turns required to arm the S&A
effectiveness, a more realistic simulation method unit, a standard acceptance measure, This test was
wan proposed; it would implement the random run on all units before and after tie TV tests.
vibration aspects of the real environment, concen- Additional quantitative data on "damage" were to
trate the test spectrum in the frequency range that be obtained by visual Inspection and sophisticated
was deemed to be most injurious to the unit being dimensional measurements, as well as by chemical
tested, and, most important, it would shorten the cleaning, analysis, and weighing of post-test par-
test time. Test criteria were to be established ticulate matter within the S&A units.
theoretically and verified experimentally. Damage
equivalency was to be determined by a comparison Establishing the criteria for the RTV test was
oIthe results obtained on M7'32 safety and arming another phase of the program plan. The initial
(S&A) units tested by the TV procedure with spectral content of the RTV was to have a constant
results on similar units tested by the proposed average amplitude and cover the 5- to 5U0-Hz
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band, the same range *A the TV test. 'Test duration data will provide the ground work for subsequent
per axis was preaicated on causing the same definition of RTV test procedures, based on addi-
number of reversible cycles (b-V) in the random tional testing (proposed as a continued effort).
test as exists in the standard TV test specifications.
An equivoIent number of -R was determined
mathematically and verified by an analysis of RTV
tests spectm. The drive level for RTV was to be I. M732 S&A MODULE
determined experimentally by tests at various g
amplitudes and by an analysis of damage sustained 3.1 Selection of Test Unit
by the S&A units.

The S&A module for the M732 fuze, designed
Additional research investigated the underlying and engineered at HDL, was selected as the test

fundamentals of damage criteria, both in the design unit for evaluation of comparative damage effects
of TV tests and the very specific, individual sustained as a. result of either the standardized TV
construction of ordnance njateriel. This phase was test or the proposed RTV test. This choice was
pursued by way of several approaches. The basic dictated by the expertise available at HDL for
method involved sinusoidal vibration of the S&A consultation and analysis of test data results and
unit and transducer response measurements of the by the pertinent feedback loop that would make
S&A cover plate to detect vibration modes and relevant test data readily available to the S&A
sub-bands of maximum displacement activity, designers.
This test also used an isolated (physically decoupled)
microphone to record corresponding acoustic data. The specification control drawing for the S&A
Finally, these data records werc computer an- module, part number (PN) 11716741 is shown in
alyzed to yield power spectral density as a function figure 1. Figure 2 is a cutaway view of the M732
of input drive signal frequency. Analyses of these fuze, showing the S&A module.
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Ilk)

Ar 1



One hundred of the S&A modules, PN11716741, cations. In testing, dynamic vibratory excitation
serial numbers F-1 through F-100 were obtained can be imparted to a test specimen with either type
for this program. These modules were stands-rd of drive, although swept frequency sinusoidal
lubricated units taken from production lot testing has been more prevalent.
WTX-2-2, manufactured by the General Time Co.

Random vibration usually exhibits a normal
3.2 S&4 Module ,Anning Specifications (Gaussian) distribution around a mean value, with

a specific standard deviation associated with its
Upon receipt by HDL, all modules had their distribution. This statistical property ensures that

detonators removed and replaced by a dummy random vibrations are notideterministic - namely,
detonator. Units were then run on a spinner that the instantaneous magnitude of the vibrations
(manufactured by Delaware Valley Armament, cannot be determined in advance. A swept vinu-
Inc.), that complied with the PN 11716741 Specifi- soidal excitation, by contrast, is deterministic,
cation Control Drawings (ýCD). The following since it results from the synthesis of single-valued
information is from paragraph number 4.5.2.1. (in amplitude/frequency components with discrete
part). frequency-time relations defined by the prescribed

test spectrum and sweep rate.
"!'Spin Equipment. The equipment used

for the arming tests shall be decigned to Although mathematical approximations and
position the rotor of the module in the fully models may be used to relate sinusoidal and RTV
out-of-line position automatically and shall test procedures and test results, a realistic, practi-
provide positive indication when the rotor is cal assessment of the two test methods must be
released. This position indication shall serve made by an evaluation of wear and tear on test
as the starting signal for determining the items, That is, the true equivalence between the
number of turns-to-arm (TTA) ..... " two drive methods can only be assessed with

respect to the actual, intrinsic damage potential of
SCD acceptance criteria specify that units are to each method. The amount of vibratory wear damage

arm between 25 and 38 turns as follows, from and the criteria for establishing a reduced RTV test
paragraph 3.3.1.1 of the SCD's. time are postulated to be dependent on the total

number of -H accumulated during the standardi ".Arming. With the setback lock in the swept sinumoidal TV test. If an average -Ft per unit
armed position, the rotor in the S&A module time, of given magnitude, can be established for the
shall fully arm within the limits of 25 to 38 specified random vibrations, then the estimated
revolutions of theS&A module when spun at new test time would be equal to the standard TV
2500 rpm,...." total number of -it divided by the corresponding

TIA was a critical test measurement since it was a time averaged random "R Fine adjustment to thiscontrol reference that served as a baseline criteria estimated test time could then subsequently be
controlmade on the basis of actual damage assessment on

foe~ assegaing the effect of subsequent tests per- sml etuis
formed on sample units. sample test units.

A description of the MIL-STD 331, Method
119, Procedure II TV test is given in section 4.2,

4. PROPOSED TEST METHOD together with a determination oi the total number
of -H for this method in 4.3. This is followed by

4.1 Equivalency Criteria/Determination experimentally and theoretically determined
values for "-.1 in RTV testing in sections 4.5 and

Random and sinusoidal vibrations are funds. 4.6, respectively. Results indicate that the 4-hour
mentally quite different, both in their mathe- TV test time can be reduced to a 1.6-hour RTV test
matical formulation and in their engineering impli- equivalent.

to



4.2 MIL-STD 331, Method 119, log f, log A + nit1  (
Procedure HI TV Teat

log fs - log A + mt2  (lb)
The standard TV teat, according to MIL-STD

331, Method 119, Procedure 11, invokes a sinu-
soidal sweep between 5 and 500 Hz at a rate of 1 Thbonaycdtisar
cycle (5 -500 -5 Hz) per hour (rig. 3) over a

* period of 2 hours per axis for a total duration of 6
hours. Amplitude-frequency characteristics are f=5H 2 -50H

shown in figure 4. It should be noted that anipli-
F tude criteria are specified us a displacement be- and
W ~tween 5Sand 11 Hz and 37 and 52HRz and as an

acceleration elsewhere. tj 0 hr , tg 0.5 hr

4.3 Total Number Of -11 in Standard Teat Hence,

The total number of -H accumulated per sweep log(f 1/A) =mt 1  0
cycle for each of three mutually independent axes
of the S&A module is established as follows (for fl/A = 1 ,

simplicity, all frequency components were con-
sidered to be of equal magnitude, i.e., 5 g.). A =5 Hz7

!1100-

10-

0 10 20 30 40 50 60
Time (min)

Figure 3. MIL-STD 33 1, Method 119, transportation vibration sinusoidal sweep cycle.
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pAnd
nd oN =Jr f(t)dt

• Iogdfj/A) -ma

500' =fof" 10'dt (3)Slog((j/A) f log 20
-'-'5jlog -i--- 2 To evaluate this integral, let y 1"01. Then

mt4 2 , m 2/0.5 , In y - mtln10

and m 4 hr" y = e("' 1nlo)t1 10mi, and (4)

Substituting fI- f. and fs - f in equations y = eat

(la) and (ib), then subtracting equation (1a) from
ýy equation (lb), the following is obtained, where a - m In 10

log(Wf/f) - mt Substituting for I0"O into the above integral (eq 3)
yields

and N = fo J~edtN fr ea dt
f(i) -fa, 1o" Hz (2).e

Equation (2) ebtablishes the instantaneous value of
the teat frequency anywhere ;n the one-half sweep fa ± d(I eat\
cycle (0 < t < 30 min); outside this time band,J dt Ia
mirror images of this relationship exist as shown in
figure 3. 

- o- (eat -1 1) (5)

Let an incremental number of cycles accumu- a

kted during the sinusoidal sweep test equal dN; f(t)
denotes a time.dependent frequency component Substituting back for a in the exponential term,
and dt denotes incremental time. Thus, quantity N is given by

5-

3-

2I-

16 l ' I
0 20 40 60 500

Frequency (Hz)

Filure 4. MIL-STD 331, Method 119, transponation vibmttion sinusoidal sweep spectrum.
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5 N f* (10• - ) . (6) 4.4 Reversible Cycles in RTV Testing

i. To determine the equivalent test time for the
For MIL-STD 331, Method 119, Procedure II, proposed RTV test, a statistical cycle-reversal
t-0.5 hr ,-5Hadm - 4 br-1. Substi- frequency about a specified mean or rma level of

tuting into equation (6) for N yields excitation had to be established. This was achieved
in two independent ways - through evaluation

N 51- /a) X 3600(a/hr) of test data and by theoretical considerations.
N:• " 4(1/hr) X In 10 -ne

4.5 Experimentally Determined -R:• ~ [104(1/hr) (W/ hr)--1]:
l(li(1h)The electrodynamic shaker was excited contin.

N 193,4 78-R /half-cycle sweep. uously for a total of 30 minutes by a flat random
vibration spectrum (5 to 500 Hz) of magnitude

018g /Hz (9.43g m)Thsakrectio
Since the sweep rate is 1 cycle/hr and the total 0.18 9 g rms). The shaker excitation

test time that will be used for damage assessment is was recorded on magnetic tape and then reprd-
I duced on high-resolution chart paper played back

hr/axis, the total number of reversible cycles at 80 in./s. Time spans of 0.1 s were selected from
per test axis (x, y, and z) is equal to NTot, each one of the 1-minute vibration data records,

The selected increments were then visually
Nm • 193,478 half-sweep R scanned and the number of "-1 larger than 10

cycle percent of the positive and negative peak test
amplitude (±3 estimated standard deviations)

2 half-sweep cycles X were counted. (This is equivalent to counting only

hr positive slope signals exceeding the +10 percent
threshold value.) For convenience, the mean value

4 hr of the signal was considered as zero reference and
test-axis the 0.1-s increments selected were chosen to ex-

pedite the evaluation procese. A typical record is
NT., = 1,547,830 shown in figure 5. Results are shown in table 1.

Np ml.55 X 10" The mean number of reversals in 0.1 s, f is equal
test-axis to

A computer program was written to establish i', + N 29
the numerical values of parameters f, N, and NrT,, f = -f 1 E f, 775/30,
as functions of test frequency and time. The N
program, a tabular listing presented in Appendix i -
A, shows the instantaneous numerical value of
each of the parameters over 1-minute intervals and
within the 240-minute range and graphical plots of
the sweep function and N r,,, f = 25.8 reversals/0. I s

S 5[f 1 Since the frequency components are assumed to be
'IN 're ,(".,,,.w . w., . randomly distributed, the standard deviation of

p 4 exi (AET •--•T .3).AOW JM I'-mwdr IA. Pruction. itisAi pe the frequency data follows the normal distribution
Proedurr, Ii taUt for 2 harl/ea N MOW 77,000 . lytnl i vieet xisfou
I I"- " ' ",' " ,O-W. e.I'.u':i•'i curve; L"e.,

13



1 N - 1 bH by the average rate (frequency) of cycle re-
Of(f - f) , versals. Thus,

T=N7t 1,548,000 - 1-2/3 hr

F 258 "H1/, X 3600 s/hr

Of -i • (172.2) -6.15

and ay=ff 2.48. 4.6 Equivalent Test Time -
Hence, the 3-sigma band around f is Mathematically Determined

The total numnber of expected crossings of a

f mu ff + 3af - 3312 specified amplitude level(T1 ) can be obtained from
the formula which defines the alarm (false signal)

"f mean f = 25.8 rate in terms of threshold crossing. That is,

f - f- 3af 18.3 F T 1 ]SI Wn(o) ,;,W -L Q• j !
Using f mn equal to 25.8 and extrapolating the Fr(I1) 2 W,1(o) '

results to one second of data, this value becomes
where

25.8
F - - =258 "/F 1 F, -5nuimbler of signals exceeding iithe thresh-

old vulue in cycles/s,
Hence an equivalent random vibration test time, T,
is obtained by dividing the number of accumulated 'T, = arbitrary reference threshold level,

---------- -------------------

2 +10% - -- - - --- - - - - - -

-3o1-------------- -- -- -- ------ -----------

-0.0975 Time O1

Figure 5. Reproduction of tape record taken at 80 in./- paper speed. (shown above is representative
sample from 0.1-s raw data slice). Amplitude is shaker response to broadband random
vibration drive (bandwidth 5 500 Ha). Reversal cycleis (*ee text) for 0. 1 s 6 2 4 ; erossings/s
S240.
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TABLE I. NUMBER OF REVERSIBLE CYCLES IN 0.1-S SPANS FOR A 30-MIN RANDOM
VIBRATION SHAKER TEST

Count Test time 7 " 10% peak amplitude ( )2

(mini) per 0.1-W interval

0 1 26 0,20001 0.04000031 2 24 -1.8 3,24
2 3 82 6.2 38,443 4 27 1.2 1.44
4 5 24 -1.8 3.24

15 16 27 -0,799999 0.6494996 7 24 -1.8 3.24
7 1 26 --0.799999 0.60S9999

18 9 25 -0.799999 0.639999

19 20 24 -2.8 7.84

10 11 27 1.2 1.44
11 12 27 L2 1.44

'' 12 l13 30 4.2 17.64

13 24 26 0.200001 0.040000S
14 15 27 5.2 1.4425 16 27 1-2 1.44
16 17 21 -4.8 23.04
17 28 26 0,200001 0.0400003is8 19 27 1.2 1,44. 19 20 23 -2.8 7,84

20 21 27 1.2 1.44•.•21 22 25 -0.799999 0.639999
22 23 27 1.2 1.44
23 24 26 0.200001 0,040000324 25 31 5.2 27.04",25 26 :13 --2.8] 7.84S26 27 21 --4.8 23.04S27 28 26 0,200001 0,0400003S28 29 26 0.200001 ' 0.0400003S29 30 26 0.200001 0.0400003"

, *, 2 92 9

.N- 30. Zfi 775 29 - F)' 172,2
i0 1 -0
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W, - constant level of autoLurrelation function, , f = 0.577 fm

W(o) - second derivative of the autocorrelation
function evaluated at zero,

Since fm " 500 Hz
W(0) - autocorrelablon function evaluated at zero,

f - test frequency - Hz, and FI(T1 - o) - 289 Hz
Hence, the crossing frequency above reference

f, - maximum test frequency - Hz. level T, - 0, whether viewed from either the
positive or negative directions, is equal to 288 lIz.

For convenience in the computations, let This compares fortuitously well. with the test-
T, - 0, and let the power spectral density of the established results, which yielded a value of 258
random vibration be band-limited white noise be. Hz. These results lend further credence for the
tween 5 and 500 Hz. Evaluating the parameters, proposed test time, as specified in section 4.1.

*n(o) - - 47 f1 W,,Q(df

5. TEST PROCEDURE
Since Wn(f) is a constant for limited white band
noise,

io) - -4 2Wo f/- f df - The basic experimental TV environment testconsisted of running either the MIL-STD 331,
4 Method 119, Procedure I, TV test, or the RTV te,:st

- .. f.Bf, W, (at one of four g levels). A breakdown of the tests
run on specific modules is shown in table 2. A total

The correlation function is related to the power of 15 units were exposed to the TV test (baseline,
density spectrum by the Wiener-Khinchin sinusoidal, groups 1 and 2); this consisted of 4
theorem. hours of testing along each of three mutually

- fW, (f) cos 2rfrdf , perpendicular axes (a total of 12 hours). A curve of
amplitude (acceleration) versus sinusoidal sweep

Wt,2 sin2rfr range of 5 to 500 Hz is shown in figure 4; a plot of
f coo 2?2ffrr test frequency versus time is shown in figure 3.

Four groups (numbers 3 through 6) of three units

cos (2rfrnr)2irf, each were subjected to the RTV (also 5 to 500 Hz)
Lt D [Wn(o)] r for 20 minutes along each of three mutually

-270 perpendicular axes (1 hour total), at constant
average acceleration levels of 5, 10, 15, and 20 g

and in the limit as r-"o rms.

W.(o) - Wofm These tests were run to evaluate the effect of the
specific vibratory environments in terms of daziage

Substituting back into the autocorrelation equa- (wear, abrasion, and distortion) of module parts,
tions in the main expression, and operational characteristics (TTA), The im-

mediate objective was determination of an equiv-

1/ alency between TV tests and RTV tests; the g
I F'-4ir'fQ Wo1 parameter was introduced into the RTV tests to

F2(nI Y 3 fo) •W produce a test-time duration factor, oii the assump-
LJL tion that the product of vibratory amplitude,
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reciprocal test time, and a proportionality param- 5.1 Baseline Testing Criteria
eter would approximate a constant value.

Any RTV test method that would be acceptable °
TTA teats were run on each sample subsequent AyRVts ehdta ol eacpalinitially ah a replacement for the standard TV testto vibratory testing, Units were then disassembled would have to demonstrate damage that would be

and observed visually for obvious signs of abra- similar (equivalent) to results established duritag
sion, scuffing, and distortion of parts or holes. In lease-line (standard testing)n Baseline testing was
addition, particular attention was addressed to the therefore used to establinh mechanical damage w
amount of lubricating oil that was present, it h f u t as a l m

i ccriteria and parameters against which all samples
coloration, consistency, and the apparent presence from subsequent tests would be compared for
and amount of metal particles, At best, such damage evaluation. Damage criteria were evalu-
determination& were qualitative and only of rela- ated as described in the following paragraphs.
tive value. However, these observations led to

V." subsequent development of a chemical/mechanical
metal separation process, capable of providing a 5.1.1 S&A Turns-To-Arm
quantitative determination of the weight of large

F ¶and fine particles ("fines"). Subsequent to this The M732 S&A module functional arming time
analysis, components were viewed with a micro- (TTA) was to be determined using the 2500.rpm
"scope (50 X and 100 X) to obtain a quantitative spinner, test samples were subjected to fuctional
measure of dimensional changes. arming-time tests before and after a given vibration

TABLE 2. IDENTIFICATION OF S"AMODULES IN BASELINE AND RANDOM TRANSPORTA.TION VIBRATION TESTS
!"•, Total *

Tetsecrmtest time
Group S&A module serial no, Test spectrum(hr)

1 F-i through F-8 MIL-STD-331, Method 119, Procedure 1 12

2 F-9 through F-1 6 Same " above 12

3 F.18 Random vibration
F-19 5 g rms, 0.0505 g'/Hz, 5 to 500 Hz, I
F.20 20 min/axim

4 F-21 Random vibration ',

F-22 lO g rms, 0,202 g'/Hz, 1
F.23 20 min/axis

5 F.26 Random vibration
F.27 15 g rms, 0.4545g '/Hs, 5 to 500 Hz, l
F-30 20 min/axi.

6 F.17 Random vibration
F.28 20 g rms., 0,80 g'/Hs, 5 to 500 Hz, l
F.29 20 min/axis
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test. Any degradation in arming time, manifested rubbing effects involving components made out of
in the form of delayed function, would be indica- aluminum, zinc, and hardened steel alloys produce
tive of damage sustained during the test. This test is metal debris that is picked up by the nearby
significant because it provides quantitative data. assembly lubricants or is trapped by constrictions,

indentations, cutouts, etc., of the module case.
5.1.2 Inspection Measurements Although light in weight, (i.e., a few milligrams) the

quantification of metal debris determined by in-
Post-test disassembly of the S&A module volved chemical/mechanical techniques yields

allows detailed inspection and examination of all numerical results that are helpful in characterizing
internal components so as to determine the loca- the accumulated wear damage. Because of funding
tion, type, and extent of the wear damage sustained constraints, qualitative analysis to determine ma-
or accumulated. Damage might include evidence of terial composition of the metal debris was not
wear marks, indentation or fretting marks, buildup performed,
of metal debris and powder, metal cracking, or
evident or incipient structural deformations. These 5.2 Computer-Controlled Shaker System
examination techniques were to be further sup-
ported by an x-ray survey, by microscope Inspec- HDL's environmental test laboratory features a
tion and dimensional check, and by profile ma- modern, up-to-date, computer-controlled electro-
chine measurements capable of measuring holes, dynamic shaker system that was used for these
pivots, and gear out-of-roundness to 0.00001-in, vibration tests, The equipment and software also
accuracy. The x-ray survey (not performed) was enable design of a variety of complex, service-
intended to assess subsurface damage or incipient experienced environments to be synthesized effi-
cracking, The microscopic magnification of the ciently and reliably, The computer control unit is
small internal components by a factor of 50 or 100 shown In figure 6.
facilitates the establishment of mechanical wear
trends on complex configuration surfaces which 5.2.1 System Description
are in intimate contact and constantly rub against
each other, i.e., pivots and holes, meshing gears A simplified block diagrnm of the system is given
(pinion gear and rotor assembly), detent rotor and in figure 7 (p 20). Use of digital minicomputers has
pivot, support plates, etc. A detailed drawing enabled close coupling of sophisticated control
shows component composition of the S&A module drive techniques to dynamic (real-time) testing
(fig. 1). A cutaway drawing (fig. 2) shows the response. For the drives used in these tests (swept
position of the S&A module within the fuze, sinusoidal and random), control and monitoring of
Precision dimensional measurements are made in the shaker is relatively straightforward, A more
the HDL Mechanical Inspection Facility, The complete description of the HI)l, system used for
facility's equipment and capabilities are described Transient Waveform Control testing was pub.
in appendix B, lished in the 4th quarter, 1978 issue of the U.S,

Army ManTech Journal,
5.1.3 Chemical AnalysisS~5.22 System Operation

To further quantify the baseline wear damage,
the total metal powder debris was to be separated All test requirements are programmed on a
or extracted from the S&A module at the con- coded test tape. The tape is obtained at the
elusion of the vibration test, Although internal completion of a question and answer routine
components are constrained by the top and bottom during which the operator is cued for test informa-
plates (fig. 1), they are free to move somewhat tion by the test system controller. The eoded tapo,
during the test and to impact against each other and together with the transducer output data, providtes
against the retaining plates (multiple collisions per a permanent record of the prescribed drive signal.
cycle are quite likely). The impacts, friction, and At the completion of the test, the system prints out,

I.I



on command, complete alphanumeric documenta- These included an accelerometer and strain gage
tion of all test parameters as executed, installed on the top (forward-facing) mounting

plate of the S&A module and an acoustic trans-
5.3 Transducers ducer located at the inlet to the mounting sleeve,

which simulated fuze housing and installation
Although the S&A module is vibrated over the conditions. The sensors and their mounting

5- to 500-Hz range when subjected to thi MIL- method were selected so as to have a negligible
STD test, most of ,te wear damage probably effect on the dynamic response of the parameter
occurs within narrow frequency sub-bands where being measured.
the most severe component-to-case and component-
to-component collisions and fretting ocrur. The The purpose of this test was to measure the
parts that make up the S&A module itsclf could not magnitude of vibration frequency activity as a
be instrumented directly because of limited space function of the input test frequency and to establish
and small component size. Thus, external sewers from these data the frequency sub-bands for which
(mac'roscopiw ohennmena detectorm) were used, .... b dlbfoh activity was dominant. Three types of

• /•, t,• .I,. ',•,', 1'" •; ,,"-r " ...•' """'"

A .... 2 ..... ... . ....

Figure 6. HDL Computer Control for Vibration/Shook Test Myto.I nncmue
controller, (2) Minicomputer to generate vbradon/shocA transients, (3) X-Y plotter
(amplifier versmn frequency), (4) Display scope, (5) Precsidon gain ampliflerrs, (6) l'aper-tape
reader, (7) Teletypewriter Terminal, and (8) Paper-tope, reader/punch.
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sensors (acceleration, strain, acoustical) were uised data for the tests described above, The position,
X to provide separate and independent observations orientation, and identification of each sensor dur-

of test parameters; the multiple sensors also pro- ing the test are presented. Also Included - as
vided backup measurements in the event of loss or appendix C - are the specifications for the uc-
insensitivity of any one sensor's test data. celerometer and for the strain gage.

Trieaxiat Micro-Miniature A ccelerometer. -
Test Sensors -. Description and Use rhe sensor equipment industry was surveyed

extensively to find a suitable miniature triaxial
A triaxial accelerometer, strain gages, and a sensor for the specified applications. rhe device

uni'directional microphone were used to collect selected (Endeveo Model 23) (appendix C- 1) was

Sig 1107l CReur ditioCodiionng

280
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used as the primary indicator of vibration activity, the micro-miniature transducer, and (3) serve as a
providing simultaneous three-dimensional data as backup sensor for the primary measurement
a function of the applied unidirectional input (acceleration transducer). A major advantage of"frequency/amplitude spectrum. The sensor's high- these extremely low weight solid-stae strain gages

frequency sensitivity (frequency response, 10,000 is their negligible contribution to the observed
Hz) enabled collection of reliable high-frequency values of the dynamic data. The block diagram (fig.
vibration data, indicative of the high rate of com- 12) shows the strain gage circuit and its associated
ponent impacts. The transducer's low weight equipment.

dj •(140 mg) made It ideal for this application, where it
is necessary High-Accuracy Unidirectional MicrophoneX ý •..i n c u I to have minimum loading on the

specimen being monitored. The sensor wu initial- (Gen Rad Model 1560-P42). - This acoustical
ly mounted with special epoxy on the top cover sensor was selected au another backup and valida.
plate of the first S&A module. After three tests were tion measurement for the previously described
completed in run one, the accelerometer was re- sensors. One major difference in its application
moved from unit F-25, displaced 90 deg, and then from the others is that it involved no physical
epoxied back onto the cover plate, No tests were contact with the test specimen, thereby providing
made on unit number F-24, The mounting position absolute dynamic isolation. It was installed in a
of the transducer is shown in figures 8 through 10. fuse sleeve 1/4-in. above the top cover plate of the
Figure 11 is a block circuit diagram indicating S&A module (fig, 13(a)). Precautions were taken
equipment setup and use, and measurements were made to ensure that its

mounting within the open-ended port of the sleeve
Strain Gages (Entran Devices Model ESU. produced no significant standing waves. Effective

205.500). - Each of the two $&A modules were use of this sensor required suppression of back.
permanently instrumented with temperature- ground noise (by at least 20 dB). This attenuation
compensating (solid-state) strain-gage 'devices of was posvible with HDL's small (50 lb) calibration
the bridge type, The strain gages were placed In the shaker, but the condition was not met when the
radial and tangential directions with respect to the heavy-duty shakers were used during the baseline
center of the S&A top cover plate (fig. 8 to 11). (No test on the Instrumented modules. For the latter
axial strain monitoring wua possible,) The strain case, the background noise severely masked the
gages were used to (1) coAfflrm and correlate acoustic test data, and those measurements could
vibration activity Independent of the acceleration not be used, Figure 13(b) shows the S&A com-
transducer, (2) demonstrate that the dynamic partment filled with duxseal, an acoustically inert
behavior of the S&A's top cover plate had not been material that was used to determine a reference
altered substantially ma a result of the installation of noise level for the system.

o . . .

Strain gage.

* Strain gage

Ace *

S&A F,24 S&A F25

Figure 8. M732 fuNs housingr MA modules with tmti-aial aseelerameter and strain gage affixed.
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S&tA Module Y*'iIz

X 
-

Eu

Position A Position B

W Aooelerometer s train gage (8) mounting positions.

Kz

y I

z Ox

"Shaker

Test I Motlon Test 2 Test 3

(b) Mounting positions of 56A module for run numbeo 1.

.1I1:

, 
'-

Shaker
Motion

Toot 1 Test 2 Toot 3

(o) Mounting positions of 8eA module for run number 2.

Figure 9. Mounting positions of accelerometer and strain gpae on top plate of S&A modules& als,
movuting positions of S&A module on shaker teat fixture for transportation vibration test
ruine. )y
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Piri

Ii~ IL (b) Front view of leak equaipwnt4 ohock anpliflere

are to right of shaker.

(a) Gouid chart recorder (foregrounad); shaker Is
aten*I rghtcenter.

(c) Overhead view of S&A In fuse ascoelw~ also
shown are fixture and shaker.

FIgur* 10. Tedt setups fur Mll.-ST[) 331 trlansporiation vibration tests.
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5.4 Sinusoidal (Baseline) Measurements Sd ti

Bridge Circuit eggs
Sinueoidal vibration measurements were made on

one fully instrumented S&A module (S/N F-24),
to establish the frequency sub-bands within the 7.5 VOC
5- to 500-Hz range for which the vibration activity q7.6j~j V

is dominant. Each sensor - including its test
channel and the analog/FM tape and chirt- upt12Big
recorder system - was calibrated before and Ouptcircuit Spi
after each test.

5.4.1 Data Records

This section describes the tests, measurement
procedures, data tape identification, and equip- Klho
ment sensitivity for a transpo*tatlon vibration testAmlfe
sequence.

Accal
ono
S&A

Endeuco Endevco EndsvcooGy mlfe
Shook Am~plifier Shook Amplifier Shock Amplifier MagneticGouldTape

20973Recorder Recorder

Fiur 12. 8QA device teat; stirain gage circuit.
KeIthieV Keithisy
eIsoation, Islation Test Description. - A typical vibration test

Amplifier Amplifier cycle consists of the following sinusoidal (input)
L21384 16758 sweep envelope (fig. 4).

Amplitude Frequency

0.4 in., p-p 5 tol11
2.5 g, 0-p 11 to 37
0.036 in,1 p-p 37 to 52
5.0 g, 0-p 52 to 500

Gaiv, Amplifier

GudTape The standard TV test cycle takes 1 hour, for this
L ERqorwRecorder baseline test, a test consisted of one half-cycle,

having a 30-minute duration, Each unit was rnn
three times with the fuze (S&A) orientation aligned

Figure 11. S&A device te.14 tri-axial accelero. once in each of three mutually perpenadicular
meler dircuit. directions (fig. 9), for a total run time of 90
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Microphone Et PreamplIfte
(GR Model 1560 - P42)

Isolation Mounted

S1A C parmnt

&SA In Place Duxseal
Replacement

__________Excitation Direction ._______

(a) S&A In Place Wb Duxseal Replacement

Figure Ia. Acoustical test setup showing microphone mounting.

minutes. The transducer position was. then re. Data rape Identification.. - Three I -in./FM
located by shifting 90 deg and repeating a second analog data tapes were recorded at a speed of 7.5
run of 90 minutes as before. in./s. Each channel was calibrated at the beginning

of each tape-, in some cases, pre- or post-test
Measurement Description. - Six measure- calibration was also performed. Tape 1 Contains

ments, plus one IRIG.B time code were recorded data for transducer position 1, nina I and 2; tape 2
for each test, Total recordu required three data contains data for position 1, run 3, and transducer
tapes with two tests recorded on each tape. Tape position 2, run I; tape 3 contains data for position
chaninel identification is as follows in table 3. 2, runs 2 and 3.

TABLE 3. TAPE CHANNEL IDENTIFICATION Equipment Sensitivity. - The equipment
____________sensitivity' is noted as follows,

Measurement j Channel Number X xis 13.3 MV/gpk
Y axis 13.7 V9,

X 6 Z axis 14.6 mV/gpk
Triaxial X6SG 1.9757 mV/jistrain

accelerometer (Y 5 Control acceleration 10.0 MV/gk
Stai gge (z 4 Control frequency 2 rniV :z

Control accelerometer 542Dt euto

(input) 3 Data reduction involved spectral analysis of
four measurements (X, Y, Z, & SG, table 3) for

Control frequency (input) 2 each of the six tests (fig. 9) as follows,

ViceG- 1detakBIple8 (a) An amplitude plot (voltage or strain for SG;
Voie ege rac 8 1 plses) g for acceleration) veriv" frequency in the 5- to

_________________________________ 500-Hz range to asei "i regions where the
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response amplitude and mechanical collisions are AT = data time increment,
most intense.

F excitation frequency,
(b) Spectral analysis for the axial (input) direc-

tion to include relative response amplitude and Af - data resolution bandwidth with
relative frequency plots versus input frequency; Af = 8 Hz,
this is accomplished by extracting the content of
the input control acceleration and frequency signal f = response frequency,
from the axial response measurement and plotting

the results against input frequency. FFT = Fast Fourier transform algorithm,
and

(c) Power spectral density (PSD) anaiysis
yielding g2/Hz versus input frequency (in Hz) for X Fourier representation of x.
all response and control measurements (excluding
input frequency) for all tests. The response amplitude g(Fi ) was computed

This analysis was performed with commercially from the accelerometer and strain-gage PSD
available special-purpose computer codes. records (Fi, ATi ) as follows, where ATi is a 2-s

increment within the total 30-min data record, Fi is
5.5 Spectral Analysis the corresponding drive frequency at the start of

the increment, and AF = 495 Hz.
5.5.1 Description and Method of Analysis [Fg(Fi) [AF'- PSD(Fj A,A )] rms 8,

Spectral analysis of time-domain test data
(described in sect. 5.4) consists of data transfor- Equivalently, g(Ft), the amplitude at the ith drive
mation from the time domain to the frequency frequency, is equal to the square root of the area
domain to yield response amplitude versus excita- under the PSD curve for that particular time
tion frequency information. This is normally increment.
accomplished by special-purpose computer codes
programmed to handle digitized data blocks 5.5.2 Analysis Parameters and Procedures
(frames) of finite length (typically 1024 words/block),
the sum of which represents the complete analog The spectral analysis parameters and pro-
record (test data) under evaluation. Spectral cedures are described as follows,
analysis thus provides a si iplified means of
evaluating the composition of complex/random (a) Sampling frequency: 8 kHz with anti-
test'data by transformation into a meaningful x-y aliasing filters set at I kHz.
iepresentation of magnitude versus frequency.
Spectral analysis was applied to this task to (b) Analysis bandwidth: 5 to 500 Hz, occa-
identify the frequency sub-bands, or spectral sionally expanded to 1 kHz,
unwgr, for which mechanical wear damage, as

reflected by large response amplitudes, was most (c) Data frames (blocks): 2 s long; 1024 points,
pronounced. Two types of spectral analysis were taken over the entire length of the data record (900
used: a PSD analysis and a response amplitude frames total).
analysis. The PSD was computed as follows. N

_(FFTx(_T,_F)])_ (d) Average PSD(x) -1iSD[X(O] = Af (g2 /Hz) , i___1_PSD(x_ _ ,
N

where N = 900

x(A'lV) = 1024 point data block (e) Engineering units: PSI) - g'/Hz.
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(f) PSD display: g '/Hz versus frequency (Hz). amplitude and test duration, since an increase in
amplitude intensity can be offset by a decrease in
test time (though not linearly) for similar damage

(g) Response amplitude: The rme value of the levels.
accelerometer or strain-gage measurements as func-
tions of the sweep frequency is obtained from the
previously derived PSD. Each of the 900 records is Visual Examination of Vibration-
stored in a separate data file; this bank is used to Tested S&A Modules

construct the amplitude versus frequency curve.
SThe drive frequency was monitored by a channel Post-test examination and reports on the base.

calibrated against a proportional dc reference line and random-vibration tested S&A modules

voltage. The PSD of each transducer channel were made and prepared by HDL engineers associ.

output was computed for each 2-s interval over the ated with the development and production of this
S5- to 500-Hz range and converted to g rns at the fuze component. The test data on ITA are given in

specific frequency corresponding to the instan- table 4. The following paragraphs are from the
taneous test time. The derived responme amplitude engineers' observations and analysis.

thus represents a composite value of all PSD data
records at the specific excitation frequency. 6.2.1 Test Group I (Baseline TV Test)

(h) Engineering units: All response amplitude The following paragraphs describe the ITA test

versus frequency plots are presented in units of methods and the damage found when the units

acceleration versus frequency for the accelerometer were inspected after testing.

measurements (x,y,z, and control input*); theresponse amplitude for the strain-gage measure- 7ITA Tests, -- S&A modules (PNl1716741)
res ea te io te strain meaue of serial numbers F-I through F-8 were tested
mersuis preqented iinitially for TTA and (except for F-4) were sob-
versus frequency. jected to a MIL-STD-331 TV test, Method 119,

Procedure 1 (4 hr per axis at ambient temperature).
6. TEST RESULTS They were then retested for TTA with the results

shown in table 4. One of the units (F-6) was the

6.1 Transportation Vibration Test Log slowest of the &even to arm initially and barely ran
after the vibration test, No numerical value for
mITA was obtained for this unit on the rerun. If only

S&A modules, serial numbers F-i through F- the six units which ran both times are considered,
23 and F-26 through F-29, were subjected to either thaergTAinesdfom2.to29,wh

the tanard V tst r toranom vbraion the average TTA increased from 28.8 to 29.9, with
the standard TV test or to random vibration
testing. This exposure history is presented in only one of the six units running faster (0.5 turn)
table 4. after vibration.

Groups 1 and 2 (units F-1 through F-8 and F-9 Visual Examination, -. After the 'iTA was
through F 16, respectively) were used as baseline determined, the units were disassembled and ex-
controls. Group 3 was used in the first RTV test to amined under a microscope for visually observable
ascertain preliminary damage equivalency and to

effect fine modifications (adjustments) to the test damage. The units that ran slower after vibration
proctdure. Group 3 was run at 5 g, group 4 at l0g, displayed a more noticeable buildup of frettingu at 20g, g ate g, corrosion products around the pivot journals, It
group 5 at IS g, and group 6 at 20 g. Thevariousg consisted of a black-colored deposit, embedded
levels were employed to determine the correlation with aluminum particles. The deposit looked
of g level and wear damage. The information was "thick," "dry," and "crusty," and some of it had
also to be used to ascertain or trade off test broken up and scattered throughout the unit, On

.70e ii•puth,,pa, u ia., w.,e W- -p1.,,ad witfor thi .n..$,. units F- 1, -2, and -6, the deposit at the lower rotor
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TABLE 4. SPIN TESTS - M732 MA MODULE (GENERAL TIME, INC./LOT WTX-2.2)
PN11716741

Unit TIA-B rIA-A
No. Group (before) (after)

Baseline Sinusoidal test
F-i 1 28.9 29.2 +0,3 Group 1 tested April 1976.
F-2 1 29.0 29.8 +0.8
F-3 1 29.5 29.0 -0.5
F-4 1 30,a 1 Not vibrated.
F-5 1 29.8 30.6 +0.8
F-6 1 31.4ahlgh (b) (b)
F-7 1 26.4 (low) 28.2 +1.8
F-8 1 29.5 32.8 +3.3

Average - 2818 29.9 +1.1
F-9 2 27.2 - - Group 2 tested June 1976,

F-10 2 30,8 (high) - - Remarks: TA-A for units of
F-I1 2 27.8 >300 - this group having dash, tested
F-12 2 29.2 - - between 50 and 150 turns,
F-.i1 2 26.3 - _
F-14 2 26.1 (low) 30-25 -
F-15 2 27.6 - -
F-16 2 28.8 -,

Average - 28.0

Random TV test (5 grms)
F-18 3 28.0 28.5 +0,5 Group 3 teasted October 1976.
F-19 3 26,3 29.2 +2,9
F-20 a 29.1 29.8 +0,7

Average - 27,8 29.2 +1.4

Random TV test (10 g rms)
F-21 4 26A3 26.6 +0.3 Group 4 tested October 1976.
F-22 4' 26.5 27ý9 +1,4
F-23 4 30,A1 (b)

Average - 26,4 27.3 +0.8

F-24 - 26,5 - - Used for analysis of maximum
F-25 - 28.7 - - damage sub-bands within

standard TV test.
Random TV test (15 g rms)

F-26 5 26.3 34.4 +831 Group 5 tested October 1976.
F-27 5 28.1 30.2 +2.1
F-30 5 30.1 32.2 +2.1

Average - 28.2 32.3 +4,1

Random TV test (20 g me)
F-28 6 32,0 (b) - Group 6 tested October 1976.
F-29 6 29.5 32,2 +2,7
F-*I7 6 27.5 34.4 +6,9

Average - 28.5 33.3 +4.8
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pivot was "oily," whereas it appeared almost dry on the Group I units. This problem is discussed in
on the other four units. Unit F-I was especially more detail in section 7.2.1.
oily.

Considerable indentation was evident in the top Visual Inspection. - After the TTA tests, the
and bottom plates, attributed to impact of the pivot units were disassembled and examined for vibra-
shoulders on all four "dry unit"mobile assemblies. tion damage under a microscope. These units also
There was also noticeable scarring of the underside showed a severe buildup of the black-colored
of the top plate caused by the spin locks, rotor fretting corrosion deposits embedded with alumi-
detent, and detonator. Observation of the vibration num particles, These deposits appeared noticeably J
damage was classified qualitatively as "heavy." heavier than those observed in units of the first
The most wear occurred around the rotor pivots group. The deposits looked very dry - drier than

and in the area where the detonator hits the top Test Group 1, In addition, most of the deposits
plate. All pivots of the mobile assemblies exhibited appeared to have broken away from the contact
increased clearance due to vibration wear. In interfaces, and they had scattered throughout the

addition, nothing was seen that would explain the units. Only unit F-10 gave the slightest visual

failure of unit F-6 to arm within specification, appeanance of oil in some of its deposits; moreover,
The units were reassembled and placed in there seemed to be more deposits on this unit than

individual plastic bags. The top plates were on the others. In general, the pivot shoulder,
"snapped" back onto the studs, but they could journal damage to the plates, and wear of the gear

easily be pried off. meshes looked about the same on theae units as
they did on units of the first group. However,

6.2.2 Test Group 2 deformation of the spin locks and the rotor detent,
scuffing of the rotor by the shutter, and scuffing of

The foll~wing paragraphs describe the TTA test the underside of the top plate by the detonator,

methods and the damage found when the units appeared to be more severe than that observed on

were inspected after testing. the units of Test Group 1.
Nothing specific was observed that would cause

TTA Tests. - S&A modules of serial num- unit F-14 to run appreciably faster than unit F-1 1,

bers F-8 through F- 16 were tested initially for TTA However, the longer arming time for units of Test

and were then subjected to the TV test. They were Group 2 couid be attributed to the general lack of

then retested for TTA, with results as follows. None visible oil lubricant and the larger amount of
of the units ran within specification (25 to 38 turns) fretting corrosion products.
after the vibration test. All the units armed even-
tually, but the TIA was not obtained since the Mechanical Inspectior. - The visual obser-
spinner stop signal did not stop the counter. A vations that were made on damage to post-test
rerun of the units for numerical values showed that parts indicated those component locations and
units armed in the region of 50 to 150 turns, except dimensions (bearing surfaces, holes, etc.) that
for unit F-11, which took more than 300 turns and should be measured physically to obtain quanti.
unit F.14, which took between 30 and 35 turns, tative data. In the final analysis, a decision as to
Unit F. 14 had been the fastest of the group of eight "equivalency" in test methods will be lest satisfied
units before vibration, with a TrA value of 26. 1. by precise dimensional comparative measurements.
Post-test results as indicated by TTA differed It was assumed at first that the dimensions, as
drastically from those obtained for the first group specified by tha SCD, would be used as the basis
of seven vibroted units, in which six of the seven for later reference, In large part, this was a forced
units armed within specifications after vibration approach, since it was difficult to specify exactly
testing, slowing down by an average of only 1. 1 what would wear (thus, what should be measured).
turn. This was exceptionally perplexing since all In addition, routine scheduling of tests would also
units came from the same lot, and the TV test have delayed start of the vibration tests. However,
procedure was exactly the same as that performed it had been learned from many years of experience,
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that part dimensions can exceed SCD tolerances tions of 30-, 50-, and 100 X. No surface defects
and thus cannot be relied upon without verifi- were noted other than wear. Tlhe profilometer (for
cation, especially not for the types of data sought specifications see appendix 13) was used to obtain
by this project. data on a plate cover hole, a housing hole, housing

Nevertheless, measurements were made after pin, and rotor pin (both gear side and far gear side),
the vibration teats on several par'ts to evaluate Charts of the plate cover hole and housing pin
results and to familiarize the HDL inspectors with runout are shown as figures 14 and 15. For the unit

~iithe types of measurements that would be required. tested, data were within SCL) tolerances.
Several parts were viewed optically at niagnifica-

NO.

IM

Figure 14. Profflometer runout chart-cover hole(plate).
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Figure 15. Profilamater runout chart-housing pin.

6.2.3 Test Group 3 (RTV Test) units before the random v'ibration tests; column
'IT1A-A, after the tests, Note that the increased

The ollwin paagrphs escibetheRTV levels of vibration tended to result in increased
TeatMetods zidthedamae fund hen~ 'TA (except for Test Group 4, nut discussed, but

units wereod inpetd atherdmg oudwe teshne listed in table 4). Note also that for some g levels,
damage comparable to that incurred in 12 hours of

Test Description. - Twelve S& A modules standard TV testing was made to occur in just I
were subjected to the WryI test (20 min per axis);, oro TVtsig
they were tested ror TTA both before and after the Visual Inspection. - After post-test '[7A
vibration test, with results as shown in table 4. measurement, units were. disassembled andI ex-
Column 'l1'A-B indicates operational results on amined with a microscope for vibration damage.
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Therewas littledamage on units vibrated at 5 gand on this group of 12 units appeared to be much
only a small amount of fretting corrosion products. less than on the 7 units of Test Group 2. The
Damage occurred only at the pivots and at the most seriously damaged unit of these groups may
junction where the detonator meets the top plate, be comparable in extent to that of the seven units
There was more extensive damage to the units tested in Group 1, but this is a qualitative estimate
vibrated at 10 g. The spin locks and rotor detent at best. Most of the observations for Group I made
had started to abrade the top plate, There were also in paragraphs two and three referring to the
thicker black fretting deposits and considerably baseline units also apply to observations in units
more observable aluminum particles. Units vi- run in this series of tests, Results indicate that a
brated at 15 g exhibited only slightly more damage longer test time would be necessary at the lO-g
and fretting than did the 10-g units. Abrasion was level (to match sinusoidal TV damage) or a shorter
also noticed in this group on the bottom plate test time would be required at the 15-g level (to
contact area where the large pivot shoulders bear. reduce TTA to the sinusoidal TV test results).
All units in this group had evidence of amphi oil i
lubrication and it is believed that this oil could 6.3 Acoustical Test Data

have conferred some resistince to fretting cdrro-
sion, The group vibrated at 20 g had only slightly Figures 16 through 18 are copies of test data
more wear damage and fretting products than did records obtained with the acoustic sensor during
units of the 15-g group, There was evidence of the standard prescribed sinusoidal sweep test
ample oil in this group also, The increase in covering 5 to 500 Hz. The physical test setup is
damage between the 10- and 20.g group was about shown in figure 13, When the S&A was in the
Smuch as the increase seen between the 5- and sleeve (fig. 13(a)), high-level vibration activity was
1O.g group, so that the amount of damage versus g observed in the 150. to 250-Hz range (phone
appeared to be leveling off. The damage observed channel, chart record, fig. 14). When the S&A

IlI IHl . I

S......... .... .

Juýh I__ L _PIP

Figure 16. Mlerophone chart rcord-cslibnmulon anrd response to MLSTl) 331, Method 119 test
with S, In places.
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module was removed from the test sleeve and compounid (right side), The duxbeal unit provides
replaced by duxseal (fig. 13(b)), the same phone bulk equivalency and serves as a reference back-
channel indicated very low response in this same ground noise level for the system. Considerable
hrangel incan be seen in figure 15. The high activity is observed when the S&A is in the sleeve;

response activity region is marked by high- the response function is altered considerably as a
frequency components; this can be interpreted result of the superposition of high-frequency com-
physically as being due to the increased level of ponents generated by multiple collisions, or re-
component collisions ("bounce"). The existence of bounds, of components against the top and bottom
multiple Impacts for particular frequency sub- cover plates of the S&A module or between the
band drives is more apparent when selected os- components and subassemblies themselves, These
cilloscope records of the microphone channel are results were expected. Although the preceding
viewed at 61, 108, and 225 Hz. The oscillograms of records were obtained for vibration along the axial
figures 18a, b, and c display results at 5.g drives direction, data for vibratory drive in the radial
for each of the above three frequencies. Records directions (test positions 2 and 3 of fig. 9) would
are for the S&A in place (left side) and again with exhibit similar trends, with the exception that the I
the S&A removed and replaced by a duxseal most damaging vibration frequencies might shift to

ERRO ..... ....... 4.4-4....4..4....... ...... .... .. -4 4-4-

MUS, ........ NOIE.. ....... ..- i~l . .

Siii :ii] i1... ..... ::•,:: 'i :' i > ..

it~T. FRETU 1ENCY.. ...

S~Figure !I7. Mic'rophone chart record--reuponie Ito MIL-STI)D 331, Method 119 teat with dux~u~l
replacement for S&A.
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other bands within the 5- to 500-Hz range in fretting actions could serve as a precise numerical
response to the different component orientation index for the characterization of total wear,
and associated stiffness. The debris collection operations turned out to

be very tedious, exacting, trial-and-error pro-
6.4 Chemical/Mechanical S&A Module cedures that saw marked improvement as the

Metal Debris Collection process developed, This was understandable,
since operations of this type had nut been

ChemicaaVmechanical separation techniques attempted previously at HDL and specific pro-
were developed and used in an attempt to quantify cedures had to be devised for this particular
the wear damage resulting from baseline and application.
random vibration testing. Informative memoranda Quantitative results from this task are presented
regarding this task ate given in appendix D. They in table 5, The total weight of the metal debris

I will be referred to in the discussion, section 7,2.2 collected from each S&A unit (conoiAting primarily
and 7.3. of aluminum, zinc, and steel alloys in the form of

It was Initially thought that metal debris gen- particles and fine powder) are listed in the column.
erated as a result of component intercollisions and titled "total particles." Data for the first baseline

TABLE 5 TEST RESULTS: POST-TEST METAL DEBRIS ACCUMULATED IN M732 S&A MODULE

Gross total

Test group Run No. Total oil and Remarkswgt less particles particloo particles lubr7eazits

Baseline alint. F1 to F8 ...- -. LoIt (inconclusive
"soidal results)

F9 - - - 0076 -
•L ~F10 -- - - 0096 --- ,,

F11 0.0161 0,0065 0.0203 0065+ Uncertain Fines on paper can't
F12 0,0159 0.0090 0.0008 0098 Uncertain trust, __

F13 0,0A62 - - 0142 0020 -

(g)2 FI14 0,0419 - - 0.0059 --..

Bluselitiv Hinu- FIS 0.0129 - - 0.0082 0.0047
soidal 'Avg. 0.0090

" 17 0.0113 0.0050 0.0009 0.0059 0,0054 20
FI8 0.0096 0,0037 0,0013 0.00(50 0,0046 5
F19 0,0063 0,0028 0.0005 0,0033 '0,0030 5

F20 0.0127 0.0033 0.0004 0.0037 0.0090
S F21 0.0115 0.0037 0.0004 0.0041 0.0174 10

3 F-22 0,0134 0.0027 0,0008 0.0035 0.0099 10

Initial ltquiva- P23 0.0067 0,0027 0.001 1 0.0038 0,0029 10lent random ,
litratond P26 0.0074 0,0022 0.0003 0,0025 0.0049 15
viibration test •

?"28 0.0099 0.0027 0.)0005 0.0032 0.0(•67 20
PF29 0.0134 0,0030 0,0006 0.0036 0,010(1 20

F30 0,0098 (,0(,26 0.0005 010031 0.0067 1 5'
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test (Group 1) were inconclusive; an analysis level of excitations. Since finding (1) above cannot
procedure wau being developed concurrently and be accepted until more baseline tests are per-
the results that were obtained cannot be considered formed, no conclusive correlation can be made
as accurate as the data measured on subsequent between the sinusoidal and random test regarding
groups. The second baseline test (Group 2) wear debris. The leveling off of accumulated debris
averaged 8.83 mg of debris per module with at the increasingly higher random vibration exlita-
significant variance around the mean. These tion levels (15 and 20 g rms) was thought originally
values were substantially higher than expected. to represent an anomaly because of the small
The higher than expected amount of debris is sample size (three units). However, confidence in
consistent with the massive functional failure the analysis method and its precision led to the
noted during the post-vibration TTA test (see conclusion that damage at the higher gravity levels
Group 2 results, sect. 6.2.2). had to occur as part distortion rather than part

A review of the test results for the random abrasion.
vibration test (tables 5 fnd 6) indicates that One reason for weight variance within any
although better process control existed for these sample group may be due to metal debris that is
analyses regarding debris separation repeatability, possibly lost during post-test disassembly and
these modules (1) averaged approximately 50 manual inspection of the module before the initia-
percent less (-4.0 mg) total debris than was tion of the chemical-mechanical separation pro-
collected in the baseline test on Group 2 and (2) no cedure, This loss is practically unavoidable, but it
wear correlation as indicated by total wear debris is considered to be of relatively small magnitude
could be established as a function of increased rms compared to the total weight of the metal debris.

Table 7 summarizes data (see app D, table Dl1)collected on S&A units "as delivered." Data were

TABLE 6. SUMMARY OF POST-RANDOM obtained in January 1978, after the chemical
VIBRATION TEST METAL DEBRIS analysis technique had been perfected, It is pre-
COLLECTED FROM M732 S&A MODULES smnted in this section primarily to indicate the

precision that can now be achieved with this
G N3 Ratondo t debfre sbgrtou w.hod, It should be noted that the metal debrisGroup No, 3 vibr(tion test debris for subgroup collected from each unit is nearly the same

-)d (0.0017 ± 0.0004 gms), whei cas there is a more
18 5 4,0 than 2:1 difference between the minimum and

maximum amounts of oil collected, This is dis-
19 5cussed further in section 7,2.2.
20 5

TABLE 7. SUMMARY OF DATA ON OIL AND
METAL COLLECTED FROM LOT-DELIVEREL

21 10 3.8 M732 S&A MODULES (REFERENCE
22 10 APPENDIX D, TABLE D-l)
23 10 Debris/oil F38 F48 F58

26 15 2,8 Unit No. (gms)

27 15 Metal debris and oil C.0058 0.0019 0,0083
30 is collected by "washing"

Large particles 0,0010 0.0015 0,0017

17 20 4.23 Fine pas'ciles 0.0003 0.0002 0.0003

28 20 Towi particles 0.0013 0,0017 0.0020
29 20 Oil 0,)045 0.0102 0.0063
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7. DISCUSSION S&A units were removed from their pouches
before the test, placed on a workbench (perhaps on

To a large extent, test results, observations, and paper towels) and, because of other work commit-
conclusions must be considered tentative since (1) ments, were not tested immediately. Lubricant loss
sample sizes were small, (2) some tests were being under these circumstances would account for the
done for the first time, and (3) approaches were additional fretting products, the exceptional dry-
modified as information was acquired. An ap- ness of the material, and a noted lack of oil
parent contradiction exists because some data are remaining in the S&A unit, Although this is a
precise and definite trends can be observed; yet, hypothesis and cannot be proven, it does correlate
anomalous behavior was exhibited both by group with known facts and does have merit as an
and by units. Certainly, additional tests are called explanation.
for with more definitive boundary conditions and
fewer variables. As discuasion will show, one 7.2.2 Chemical Analysis
variable requiring closer control is lubrication of
the S&A. Table 7 (an excerpt from table D-1, app D)

shows the type and amount of metal particles and
7.1 Turns-to.Arm the amount of oil that were observed in the

chemical-mechanical analysis. At the time these
TTA proved to be a quite reliable yardstick in results were obtained, the analysis technique had

determining the condition of the S&A. Generally, been perfected; thus, these results are quite reli-
TTA before test appeared reasonably the same for able. It can be observed that units "as delivered"
all units (table 4). Unfortunately, TTA-B were all do contain some metal particles (0.117 ± 0.0004
measured when delivered (after detonator replace- gins). More important, however, is the fact that
ment). Future tests should specify that TTA-B be among the three samples there is more than a 2:1
performed just before vibration testing. Except for ratio in the amount of oil present between the least-
some anomalous behavior, and allowing for small and best-lubricated units. The variation in lubrica-
sample ,size, TTA-A data were consistent with tion of other units and its effect on TTA per-
observed test conditius, severity (more damage, formance must be questioned.
longer arming time) and specific types of damage.

72Lbctn7.2.3 Relevancy to Future Tests7Z2 Lubrication

Since lubrication appears to play a major role in
7.2.1 Group 2 Results vibratory damage results, an assessment of its
AAocimportance should be determined. This is es-
SAlthough TTA-B for Group 2 was consistent pecially applicable where another parameter is

with data of other groups, TTA-A was marked by being evaluated (as herein, RTV test versus stand-
catastrophic failure. Since this group was sub- ard TV test), and the lubrication appears to be a
jected to the same test as Group 1, the results were significant factor in determining wear damage, AStotally unexpected. An explanation can be deduced consideration for future tests might include ultra.
only from pont-test observations of the S&A and 4onic cleaning of all units and precise lubrication of
from previous experience of the S&A designers. critical bearings and pivots before actual testing.

The S&A units were delivered prelubricated
and sealed in plastic pouches. The detonator was 7.3 Chemical-Mechanical Analysis
replaced at HDL; the units were tested for TTA and
were then returned to the plastic bag. It is known This method was developed into a precise,
that the lubricant flows readily and, when it is in valuable analysis tool. Because of its credibility,
contact with any oil-absorbent material, it will analysis of RTV test data (5, 10, 15, and 20 g)
"wick" away. Since the HDL environment test area directed attention to the fact that at higher g levels,
carries a heavy work load, it Is postulated that the damage occurred as a distortion of parts and

37



enlargement of pivots and holes rather than as but, for now, some interesting conjectures can be
abraded by-products. Analysis data provided a made regarding future types of testing and a related
quantitative measurement that confirmed visual savings in test time.
observations. Current thinking is that this analysis
tool will see more use in the future for analysis of 7.5.2 Sinusoidal Drive
the types of debris that result from vibratory
testing. In such use, it would lead designers to If it is assumed that negligible damage occurs
consider different materials or designs to minimize outside the 100- to 250-Hz band (or perhaps 50 to
part wear at critical surfaces and pivots, 300 Hz), it follows that test time spent sweeping

outside this region might be unnecessary. Time
7.4 Mechanical Inspection spent between 92.4 and 270 Hz is 7 minutes (26

minus 19 min) and between 50.0 and 315 Hz is 12
Observations, test results, and the limited use of minutes (27 minus 15 min) (see app A, table A-1).

dimensional measurements that were made indi- Of the present swept frequency test cycle, 7
cate that precise determination of damage effects in minutes duration is 23 percent and 12 minutes is
the future will rely heavily on precise mechanical 40 percent, An experimental investigation to check
inspection. Once critical component dimensions this hypothesis appears warranted.
are delineated, pre- and post-test measurements
will have to be made. Manufacttirer's tolerances 7.5.3 Random Vibration Drive
cannot be used as a reliable benchmark. Although
this suggested detailed approach may appear to be 'rests performed so far are very promising -

costly in time, precise measurement data are certainly, feasibility of the method and the savings
necessary for accurate reliable analysis of test in test time have been demonstrated (I hour versus
method applicability. In addition, such modifica- 12 hours),
tions in procedure as more uniform lubrication of However, experimental and mathematical cal-
test units, more precisely controlled storage and culations (sect. 4,2) predicted 1.6 hours of testing
handling parameters, etc., will allow use of few test for RTV versus 4 hours for standard TV testing. It
samples or, conversely, for a given number of should be recalled that the calculated value was
units, will yield more consistent, accurate, and based on 'IR over the 5- to 500-Hz band. If the
precise results, assumption about sub-band relevancy is carried

forward, the product of the 100- to 250-Hz band
value (23-percent test time) and the -R time ratio

7,5 Spectral/Analysis, Sinusoidal Drive, (1.6 versus 4.0 hours = 40 percent) yields a
Random Vibration Drive value of 9,2 percent, a crudely derived but inter-

esting result.
7.5.1 Spectral Analysis Details as to amplitude levels, spectral content,

and test duration will hav, to be determined,
Analysis of the harmonic or sub-band response However, considerable leeway exists in the par-

to the swept sinusoidal drive has proved infor- ameters available for adjustment so as to justify the
mative. At this point, precise conclusions cannot optimism that equivalency can be demonstrated
be made, nor is it necessary to be able to do so. It is while considerable time is saved.
immaterial whether wear occurs because of struc-
tural resonances or because of component resonant
response - the net effect is observable damage. 8. CONCLUSIONS
Noteworthy however, is the observation that most
response (acceleration excursions) occur in the Several conclusions can be drawn from the
hand between 100 and 250 Hz or, being more procedures reported on here,
liberal, even as wide a band as 50 to 300 lHz. 0 Processing ot the S&A units (especially
Further study is necessary to be more definitive regarding lubrieution), storage, and handling can
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be a dominant factor in shaping the outcome of the elude design (or at least analysis for relevancy) of
MIL-STD TV tests, similar tests for other ordnance materiel.

0 The standard spin test and the measurement
of TTA proved to be a realistic, valid measure of the
S&A sustained damage. 10. SUMMARY

0 The chemical-physical debris analysis that
was finally developed is a precise quantitative Specifications were to be derived for a random
measurement method that provided insight into vibration test procedure that would replace the
the cleanliness and lubrication of units. It provided current MIL-STD 331, Method 119, swept sinu-
a major clue as to the type of damage sustained at soidal TV test; the proposed test would be more
the higher g levels in the RTV tests (hole enlarge. realistic, would result in better field environment-
ment, dimensional changes, etc., rather than abra- qualified ordnance materiel, and, because of a
sion and fretting products). This chemical-physical shorter required test time, would be less costly,
technique will probably in the future be reserved The proposal called for the demonstration of
almost entirely for analysis of the abraded material, equivalency between the new and old test methods

"" Visual observation of units at low magnifi- by running each type of test on standard M732
cation sufficed to verify results of the spinner S&A modules and then comparing and evaluating
arming tests. However, quantitative analysis the results.
of "equivalent" damage sustained by units as a An experimental and mathematical analysis
result of varying TV test parameters will be most established a test time of 1.6 hours for RTV versus
meaningful if sophisticated dimensional measure- 4 hours for the standard TV test. Units were run at
nment equipment is used. one of 4 g levels (5, 10, 15, and 20 g) in the RTV

0 Principles and techniques developed by this mode for 1 hour, versus 12 hours for the baseline
project show considerable promise as a design test (standard TV), Damage levels were observed
analysis test for ordnance materiel exposed to that spanned those obtained with the standard TV
vibratory environments, test, demonstrating. feasibility of the method and

sufficient flexibility for adjustment of parameters
to warrant confidence that test specifications can
be established with substantial savings in testing

9. RECOMMENDATIONS time. Further developments in this project, how,
ever, will require additional support and additional

Feasibility of the proposed RTV test as a funding.
substitute (equivalent) replacement for the MIL- In the course of this program, several accom-
STD 331 TV test has been demonstrated; equally plishments were made that are basic to continuing
as important, it has been shown that test time for work, and an event was noted that perhaps ranks its
comparable damage to the M732 S&A module can important as the outcome of this project itself, The
be achieved in less than one-half of the test time event referred to involves the lubrication of the
now required. It is therefore recommended that, as S&A module. Two groups of eight units each from
an absolute minimum effort, this program be the same manufacturing lot were subjected to the
cupitinued. Specific test criteria for RTV testing MIL-STD test at different times; post-test results
could then be established which will be shown to be differed radically. The second group armed poorly
equivalent to the damage sustained by units in the if at all, exhibited much greater wear, and had very
current MIL-STD 331, Method 119, TV test, little lubricant. Since the units came from the same
Additional support of this proposal would allow for lot, lack of lubricant was attributed to loss through
collection and utilization of available field en- handling or storage. 'l'his occurrence should alert
vironment test records (TV tapes, retords, etc.) for the ordnance materiel test community that ap-
spectral analysis, followed by RTV test specifica- parently insignificant factors may play as im-
tions that would be fine tuned for the "real world." portant a role in test outcome as known major items
Additional areas for development could then in- of importance, or even the test procedure itself.
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Some accomplishments follow. (4) Use and availability of a computer program
(1) Development of a chemical-mechanical for processing and for spectral analysis of TV test

analysis procedure for assaying metal debris and records.
oil residue in the S&A module. To recapitulate, data obtained and analyzed to

(2) Development of transducer instrumenta- date justify the original premises and predictions
tion and methods for definition of damage in- for the proposed random vibration test procedure.
flicting dominant frequency sub-bands. Techniques and guidelines have been developed

(3) Determination of damage-prone surfaces that will channel additional supporting work to a
and elements within the S&A and decision that auccessful project conclusion. Further testing and
precise dimensional measurements of S&A ele. project funding is required to substantiate andments will yield maximum information with fewest document a precisely defined test procedure.

test samples.

l*'1
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APPENDIX A. R- EVERSIBLE CYCLES IN MIL-STD TRANSPORTATION VIBRATION TESTS

A computer program was written to establish the numerical values of parameters f, N, and NTo, as
functions of test frequency and time. The program. a tabular listing that follows, shows the instantaneous
numerical value of each of the parameters over 1-minute intervals within the 240-minute range and
graphical plots of the sweep function and NTOt.

To determine the equivalent test time for the proposed RTV test, a statistical cycle-reversal
frequency about a specified mean or rms level of excitation had to be established, This was achieved in
two independent ways-through evaluation of test data and by theoretical considerations.
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APPENDIX A

F C7T'1M7 TV vm -01 Q1;izr . r;;

P O~LIN -C:ý3MTES T's-'O riUZCTIOttO:
c.

C

I BOTý! Vr=1O 0 !111-1. TO 240 MIN.,e T IS IN1 HOURS
C 14- 4.

C LNI(10.)02.302685

000.1 Dllt,=11i3101 XrC 74-1) ,MIC 241) BHASE( 241) KXOFF( 241)

00-1DA:TA ML/Gn',- 2l

C ATTA~CK OUTPUT LUll 4
tj0000 plimm5, 5)

0009 5 16'0M--!T( I EMMRCf OUTPUT DEVICE OR PILE')
0010 CflLL OpEm'7.5, 4)

C OPTIOU: DZAG170STIC OUTPUT
001.1 WVlETE( 5, 0)
0012 6 VOMIALT( ' ENTER 1 FOfl EXTRA DIAGN~OSTIC OUTPUT')
0013 nmw ,10)zFI.r

C DO MS~T EQUATIONl:
00!.4 X-0.
001'3 XflW"1.

C
0l016 DO 40 Iw1#241
0017 X(~5*0*(.X6.

0021. Z'(; .LE. 0.)XI1VC-1.
0013 40 CONTZIM1UE

C DO SBCOUD EQUATION1
C 2STUP

0 024 HBAOIA-O.
0015 XII~C"1.
0026 X-0.

C LOOP
0017 DO 44 It-1,241

0020 SAS B( I) )BHlS.E
00130 X0V NI -X*(M3 3 0 0 0 .10.* X 15.-1.)/2. 3 02 6
003.1 IV X .LT. 30.) GO TO 42
00353 31-ES3Xl 31)+4-XN( 31)

0035 42 IfL (:1 Q~T. 0) Go TO 44
0037 I

03044 XX-I-XINC

0039 J-1
0 110 DO 00 1-1,0
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FORTRAN I~V r~06-01 SOURCE LZ0TIVO

1,1 j ~:~.M' i-ME:1.1 5*:,lFnEQl JON, W~1 SX, 'LOG HI)
::r(:LPG. Mr. 1) 11MI7TE(4,121)

nO047 111 0 rln-iTi '1 M~N 51 ',, irrBO'10NI, W 9X, $LOG Hl,1OX,-Br5El,

rio., IV' (El1 .E0. 240) H10'241

0 0J 15C XWLA'Lc ME. 0) GO TO 1460

00513 G0 TO 160
0057 14 0 M 4 65)I-. Mit) . xw K) ,ALOG( Xxl( m

0000 200 Jt17 CI+ I

00ý' 59 1 IITn ITO OUTPUT GVrPHS'n

C OuTimUT 2 GlAPi~s

007600 'ORIMtAT( SPIICXr~Y OUTPUT D~vics Fofl GRhpI~5')
00603 CALL MIMI( Z5, 1)
oorlpCALL SETPDO

0070 ChLL IN 2,,1. 5)
0071. CALL SCREE0N
0072 CALL EtNTGPAL

0073 CALL LOGQCA(XF,241,G.,1,l)
0074 CAlLL QCALIM2(.U24O.,6.,GF,VLO,0)
0075 CALL YLOGAX( YL 1 , L NNYL I, C *
0074 CALL XAXlZCXL1,LVN)-Ll, 6.
0077 IM317.3
00711 V0 610 1-1,241
0079 CALL DlWI( FLOAT(1- 1),XF( 1) , PEN, 2)

000 10 X'~-
000.1 CALL EXITOR

0083 CIALL 5Cofl~I

0OU5 CILL L0GQCA(YXl,241,6.,1,1)
O00j CALL T YLOOM.X YL2 ,LE12YL2, 6.)
(0007 C.MLL ~UXhI1(XL2 ,LE!NXL2, G.
0000 Ir'IUV"3

0 1) 0 0 DO620 1-1,241
0011) CA'LL =MVAT F'LOAT( 1-1) X)N( 1) , XPEN,2)
0051 620 I1)211-1
000i CAlLLEio

00011 ST'OP
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ADL SUPER rORTRLN `72-4
LOGLIY.rTX /TRtBLOClS/WA

C LOGLIN - COMPUTES TWO FUJECTIONS a
C
C

C NCT)urPO*3100.*( 10.a*(M*T)-l.)/(MaLNC3O.)),t
C
C BOTH FROM 0 XMZL TO 240 HIS., T 18 IN HOURS

C 31.4.
C LU(10.)"2.302585

f 0001 DIMENSION Xr(241),XN(241),IA53ci41),XOrr(241) f
0'002 DIMENSION XL1C2),XL2C2)¾TLI(2).YL2(2)
0003 DATA XL1/1GRAPf,'N 1 1/

C DATA XL2/'GRAPIIH 2 1/
0004 DATA XL2/1 %'I'
0005 DATA YLl/lL005',lCALEl/

C DATA YL2/'LOGS,' CAL I'/
0(,06 DATA YL,2/' ' I

OLW7 ~ATTACDATA LUNXL1 ,LXNXL2 ,LEZIYLLESNYL2/4 *9/
C TAHOUTPUT LUN 4

0008 WRITECS,5)
0009 5 FORM&T(I*ENTER OUTPUT DEVICE OR FILli 1)
0010 CALL ?ILASN(4)

C OPTIONt DIAGNOSTIC OUTPUT
0011 WRXTZ( SIB)
0012 6 rOP14AT(ISENTER 1 FOR EXTRA DIAGNOSTIC OUTPUT: 1)
0013 READ( 5,il0)xFLAG

004 C DO FIRST EQUATION: *

0015 XIC1
C

0016 DO 40 1-1,241
0017 XF(Z)w.5*10.a*(4.ax/60.)
0018 X"X+Xznc
0019 IP (X .QE. 30.)XINC--1.
0020 IF (X .LE. 0.)XINCO1.
0021 40 CONT114VE

C DO SECOND EQUATION
1' C SETUP

0022 X3ASEwO.
0023 XINC-1.
0024 X*0.

C LOOP
0025 DO 44 1-1,341
0026 XN(I)wXDASEXZNC(36000.*C10.**(X/15.)-1.)/C92.3026))
0027 BABEC I)-XBASS
0028 xorFpdZ).XINC*(36O00,.*C1O,**(X/15.4-1.)/2.3026)
0029 If' (X .LT. 30.) GO TO 42
0030 XBASE-XIAIE+XNC 31)+XN( 31)
0031 XINC--1.
0032 42 IF (x GOT. 0) 00 TO 44
0033 XINC-1.
0034 44 XWX+XZNC

0035 J-1A
0036 DO 200 I1-1#
0037 110 FORI4AT(11 13
0039 IF (IPLAG MO. 0)WRITE(4,120) i
0039 120 FORNATC1I INDSX',5XOFREO',1OX,'N'9X,'LOO N') .
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0040 If' (ZN'LAG SO2. 1) WRZTE(4,121)
0041 121 N'ORMATC'1 INDEX',5X,'N'REO',1OXON',PX,'LOG Nl,10X.'BASE',

1 9X..'OrISET')

0042 K1-Je29
0043 ZI' (KI So0. 240) Kl"241
0044 Do 160 K-J,K1
0045 ZN' (ZN'LAG .EO. 0) GO TO 140
0046 WRTZT~(4,135)X-1,XN'(X),XN(K),&LOQ(XNCK)),BASE(X),XOF'(K)
0047 135 1ORMAT(3X,13,3X,Gll.4,2X,Gll.4,2X,Gll.4,2X,Gll.4,2X,011.4)

L0046 G0 TO 160
0049 140 WRITE(4,165)K-1,XN'CK),XN(K).ALOG(XN(X))
0050 160 CONTINUE
0051 165 VoNMAT( 3X,Z3,3X,G11.4,2X,G12..4,2X,G11.4)
0052 200 .7-K1+1

C PROMPT VOR GRAPHS
0053 WRITEC5,590)
0054 Bo0 N'ORMATC' ENTER 1 TO OUTPUT GRAPHS')
0055 RAD( 5, 110) .7

t0056 IF' (IJ SEO. 0) STOP
C OUTPUT 2 GRAPHS

0057 WRZTE(5,600)t
0058 600 FORHAT(l*SPSCZFY OUTPUT DEVICE I'ORGRKPHSI 1)
0059 CALL N'ZLASNCI)
0060 CALL S2TPDO

p 006 CALL INXT(2,,1,5)
0062 CALL SCREEN
0063 CALL ENTGRA

CGAHI
0064 CALL LOGOCA(xr,241,6.,1,1)
0065 CALL OCALSCO.,240.,6.,SF,VLO,0)
0066 CALL YLOGAX(YL1,LEXIYLI,6.)
0067 CALL XAXXS(XL1,LENXL1,6.)
0068 ZPENw3
0069 Do 610 1-1.241
0070 CALL DRAWCI'LOAT(1-I),XN'(l),lPXN,2)
0071 610 IPEN1I
0072 CALL EXITOR

C GRAPH 2
0073 ItEAD( 5,110)1.7
0074 CALL SCREEN
0075 CALL ENTGRA
0076 CALL LOGOCA(XN,241,6.,1,1)
0077 CALL YLOGAX(YL2,LENYL2,6.)
0078 CALL XAXZBCXL2,LENXL2,6.)
0079 rPEN-3
0090 Do 620 1-1,241
0081 CALL DRAW(FLOAT(I-1),XN(Z),ZPEk4,2)
0092 620 IPEN-1
0083 CALL EXZTOR
0094 ROAD( 5,110)1.7
0085 STOP
0096 END

PROGRAM SECTIONS

NAME SIZE ATTRIBUTES

SCODEI 002206 579 RW*I,CON,LCL
*PDATA 000060 24 RW,O,CON,LCL
*ZDATA 000565 197 RW,D,CON,LCL
8VARM 007532 1965 RW,D,CON,LCL
STEM98 00U0004 2 RW,D,CON.LCL TOTAL SPACE ALLOCATED -012612 2757

,LPt-LOGLIN.rNTN
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C LOGLIN -COMPUTES TWO FUNCTIONS:

C

C NCT)-PO*360o.*(1a.**CN*T)-l.)/(X*LNC10.))
C
C BOTH FROM 0 MIN. TO 240 MIN., T 1B ZN HOURS
C PONS.
C X-4.

C LN(1O.)-2.302585

DIMENSION XP(241),XN(241),BASE(241),XOIT(241)
DIMENSION XL1(2),XL2(2),YL1(2),YL2C2)
DATA XL1/lGRAP'o'H 1 I/

DATA ~ ~ LEYL Y'/LG',CL'

C

5 FORNAT( 'SENTER OUTPUT DEVICE OR FILEe 1)
CALL FZLASN(t)

COPTIONs DIAGNOSTIC OUTPUT
WRITE(5,S)

6 FORMAT( '8ENTER I rOAl EXTRA DIAGNOSTIC OUTPUT: ')
READ( 5,110)ZFLAG

C DO FIRST EQUATZONa
X-0.
XINC-1.

DO 40 1-1,241
X1(Z)-5.*10.**(4A*X/6O.)

XP (X GQE. 30.)XINC--1.
11 (X *LE. 0.)XINC-1.

40 CONTINUE
C DO SECOND EQUATION
C SETUP

XBASZ*0.
XINCwl.

C LOOP
DO 44 1-1,241
XN(I).XBA5Ea.XINC*(36000,*(10.0*(X/15.)-1.)/CU*2.3026))
BASIC Z)*XBABE
XO1F(I)uXINC*C3600O,*C10.**(X/15.)-l.)/2.3J26)
IF' (X .LT. 30.) GO TO 42

XBASE:XBAIE+XN( 31)+XN( 31)

42 IF (X .GT. 0) GO TO 44
XINC-1.

44 X"X+XINC

DO 200 1-1,6
110 FORNAT( Ii)

II' (IFLAG .EO. 0)WRITE(4,120)
120 rORNAT(Il iNDEx',5,'FRso',10X,'N',gX,'LOG N-)

Zr (ZILAG .30. 1) WRITZ(4,121)
121 FoRmAT(1 INDmxx,,'rRE0',10X,'N',9X,'LOQ N1,1OX,11AIU',

1 X,'O1IBIT')
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c
XK13*29
Zr (Hi MO0. 240) Xl1241

V ~DO 160 X-J,K1
17 (IFLAG .10. 0) 0O TO 140
WRITN(4,135)X-1,XP(K),XN(K),ALOG(XN(Kfl.3ASE(X),Xorf(K)

135 wPOuxA(3X,13,3X,Gi114,2X,G11.4,2X,G1.1,4,2X,G11.4,2XG11.4)
GO TO 160

140 WRTZT34,165)X-1,X1(X),XN(ig),ALOGCXN(K))
ISO CONTINUE
165 VPORXAT( 3X,13,3X,G11.4,2X,011.4-,,2X.GI1.4)
200 3K1I+1
C PROMPT FOR GRAPHS

WRITEC 5,590)
590 FORNATC' ENTER 1 TO OUTPUTi CRAPH5')

RIAD( 5,110)13
If (IJ EQ0. 0) STOP

C OUTPUT 2 GRAPHS
WRITE( 5,60)

600 rORMAT(ISSPECIrY OUTPUT DEVICE FOR GRAPES. ')
CALL FILASH~l)
CALL SETPD0
CALL INIT(2,,1.5)
CALL SCREEN
CALL ENTGRA

C GRAPH I
CALL LOGOCA(Xr,241,6.,4,1)
CALL OCALE(0.,240.,6.,sr,VLO,0)
CALL YLOGAX( YL1 ,LINYL1 .6.)
CALL XAXIS(XL1,LSNXL1,$.)

Do 610 lw1,241
CALL DRAW(FLOAT( Z-I),XP(VZ,IPEN,22

610 XPEN-1
CALL XXXZTO

C GRAPH 2
READ( 5,130D)IJ
CALL SCREEN
CALL UNTGRA
CALL LOGOCA(XN,241,6.,1,1)
CALL YLOGAX( YL2 ,LENYL2 .6.)
CALL XAXIB(XL2,LENXL2,6.)
1PZNw3
DO 620 1-1,241
C'ALL VRAW( FLOAT( 1-1) ,XN( 1) ,IPEN, 2)

620 IPEN-1
CALL XXITGR
READ( 5,110)IJ
STOP
END

I.
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TABLE A-1. NUMBER OF ACCUMULATED REVERSALS AS A FUNCTION OF TIME AND
FREQUENCY-MIL-STD 331, METHOD 119, PROCEDURE I

ZUDU ',I U LO u ' UDX ,FUto, N LOS U

0 s.000 0.0000 000 60 I.000 0.38701+06 12.371 1.930 3a4.a .7g2 61 3.430 0. 387331+06 a 12 *7
* 2 6.797 702.3 6.554 62 6.737 0.38771+06 12.7 l7

3 7.924 1143. 7.041 63 7.924 0.38812+06 12.17
S4 9.239 1657. 7.413 64 9.239 0.308436006 12.07
5 10,77 2256. 7.721 65 10.77 0.30302*06 12.387
6 12.,s5 2355. 7.991 66 12.56 0,3l89X+6o 12.37
7 14.64 3763. 8,335 67 14.64 0.39071+06 12.38
a 17.0? 4713, 8,459 6, 17.07 0.30173+06 12.33
9 13.91 5826. 3.010 69 13.91 , 0.39321+06 123.0

10 23.21 7117. 83870 70 23.21 0.39411+06 12.3
II 11 27.06 3623. 9.062 71 27.06 0.3956•+06 12.39

12 31.55 0.10383305 3.247 72 31.55 0.39733+06 12.39
13 36.78 0.1242o05 3 .427 73 36.73 0.39411+06 12.90
14 42.83 0.14813.05 9.603 74 42.88 0.40181+06 12.90 n
15 50,00 0.17533+05 9.775 75 50.00 0.40451406 12.91 4-
i6 503.0 0.208333+08 .9.44 76 58.30 0.4071$.06 12.92
17 67.97 0,24613+05 10.11 77 67.97 0.4118Z+06 12.93 IM
i8 79.24 0.29023+05 10.28 78 73.24 0.41601+06 12.94
1 932.39 0,34163405 10.44 73 92.30 0.42113+06 12.95
20 107,7 0.40151305 10,60 s0 107.7 0.42711+06 12.96
21 125.6 0.47141*05 10.76 81 125.6 0.43413+06 12.98
22 144.4 0.55203+05 1032 832 146.4 0.44221+06 1300
23 170.7 0.6478N+05 11.03 83 170.7 0.45171+06 13.03
24 133.1 0.75353+05 11.24 84 139.1 0.46283+06 13.05
2 5 232.1 0.S879o+05 11,39 85 232.1 0.47572+06 13.07
26 270.6 0.10333+06 11,55 86 270.6 0.49033+06 13.10
27 315.5 0.12143+06 11.71 87 315.5 0.50831+06 13.14
28 367.3 0.141106Od 11,36 as 367.8 0.52883#04 13.18
23 428.8 0.1657140d 12.02 so 4238.8 0.55261.06 13.22
30 500.0 O.asm3flO 12.17 30 500.0 0.53041*06 13.27
31 428.1 0.22133+06 12.31 91 423.1 0.10832106 13.32
32 3673 0.24511+00 12.41 92 367.8 0.63213+06 13.36
33 3L5.5 0.26561+06 12.49 33 315.5 0.65263+01 13.39
34 270.6 0.23313+06 12.55 94 270.6 0.67011+01 13.42
35 232.1 0.23823+06 12.61 95 232.1 0.61521+01 13.44
36 1its' 0.31113+06 12.65 96 133.1 0.63311+01 13.46
37 170.7 0.32223206 12.63 37 170.7 0.703111+0 13.47
38 144.4 0.33171+00 12.71 93 146.4 0.71311+01 13.49
33 125.6 q.339$3+00 12.74 33 125.6 0.72602.06 13.50
40 107.7 '.34611*06 12.76 100 107.7 0.73383306 13.51
41 92.39 0.35233+06 12.77 101 32.39 0.73071.01 13.51
42 79.24 0.35791+06 12.73 102 70.24 0.74491+06 13.52
43 67.37 0.31231+06 12.80 103 67.37 0.74031#06 13.53
44 53.50 0.39613+06 12.31 104 58.30 0.75313+06 13.53
45 50.00 0.36344+06 12.32 10% 50.00 0.75633+06 23.54
46 4.338 0.37231+06 12.33 106 42.38 0.79013+06 13.54
47 36.78 0.37451+06 12.83 107 36.78 0.76151+01 13.54
43 31.55 0.37663+06 12.34 103 31il5 0.76353+06 13.55
43 27.06 0.37033306 12.34 103 27.06 0.76533.06 13.55
50 23.21 0.37903+00 13.85 110 23.21 0.74686+06 13.55
51 19.31 0.31113+04 12.35 111 13.91 0.7631+06 13.55
52 17.07 0.38223+06 12.15 112 17.07 0.73231*06 13.55
53 14.44 0.313321+06 13686 113 14.64 0.77013+06 13,55
54 12.56 0.31401+06 12.86 114 12.56 0.77103+06 13.50
55 10.77 0.31471+06 136 115 10.77 0.77173.06 13.50
5s 0.239 0.30533+06 12.36 116 9.233 0.77231+05 13.56
57 7.324 0.3i53i*06 12.36 117 7.324 0.77281+06 136.0
so 4.737 0.33633+04 12.36 113 6,797 0.1732N+06 13.56
53 5.330 0.31661+06 12.87 113 5.130 0.773311+06 13.56
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TABLE A.1 (Cost'd)

liu r LOG x lomI PMO 11 LOG v
130 5.000 0.77111+06 .13.56 160 3.000 0.11614+07 13.36
121 5.830 0.77421+06 13.56 l3i S.830 0.11113+07 13.06
122 6.'97 0.77461406 13.56 132 6.797 0.11623+07 13.97
123 7.924 0.77513406 13.56 183 7.924 0.11623+07 13.97
124 3.239 0.77563064 13.56 134 1.239 0.11431+07 13.17
125 L0,77 0.77623.06 13.56 185 10.77 0.11633+07 13.37
121 12.56 0.77691+06 13.56 156 L2.56 0.11641+07 13.37
127 14.64 0.777713+06 13.56 117 14,64 0.316512+07 13.97
128 17.07 0.77861+06 13.57 Ise 17.07 0.11663407 13,97
129 19.91 0.779712+06 12.57 183 13.91 0.116571207 13497
130 23.21 0.73103+06 13.57 190 23.21 0.11601+07 13.37
113. 27.06 0.71253+06 13.57 111 27.06 0.11609307 13.97
132 31.55 0.70432+06 13.57 19: 31.55 0.11713.07 13.17
133 36.13 0.786312+06 13.58 193 36.78 0.11733407 1I.9
134 42.83 0.78173404 13.58 194 42.38 0.11761+0? 13.90
135 50.00 0.7193+06 13.58 115 50.00 0.11733+07 13.93
136 53.3 0.73471'06 13.50 19g 58.30 0.118234-07 13.93
131 67.97 0.78353+06 13.59 197 67.97 0.11853+07 12.33
133 71.24 0.80213+06 13.60 1o8 79.24 0.119011+07 13.99
130 12.31 0.80811+06 13.60 .199 92.39 0.1195E+07 13.99
140 107.7 0.8141X*06 13.61 200 107.7 0.12013+07 14.00
141 125.6 0.$2102406 13.62 201 125,s 0.12083+07 14.00
142 146.4 0.62921.06 13.63 202 146,4 0.12161.07 14.01
143 170.7 0.83873+06 13.54 203 170.7 0.12263+07 14.02
144 199.1 0.84983+06 13.65 204 19941 0.12371+07 14.03
145 232.1 0.$627N+06 13.67 205 232,1 0.12501+07 14.404
146 270.6 0.37773+06 13.69 206 270.6 0.12653+07 14.05
1.47 315.5 0.33531+00 13.70 207 315.5 0.12823+07 14,06
141 367.8 0.91573.06 13.73 203 367.3 0.13031+07 14.08
142 420.9 0.13963+06 13.75 209 429.8 0.13273+07 14.10
150 500.0 0.96741#06 13.73 210 500.0 0.13541#07 14.12
151 423.8 0.11123+06 13.61 211 423.8 0.13623+07 14,14
152 367.8 0.1040E+07 13.33 212 3S7.8 0.14061+07 14.16

153 31.5 0.041207 1335 213 315.5 0.14263+07 14.17
154 270.6 0.10573+07 13.17 214 270.6 0.14443+07 14.13155 212.1 0.1072N+07 13.09 23.5 232.1 0.314593+07 14.19
156 199.1 0.10353+07 13.90 216 199.3. 0.14721+07 14.10
157 170.7 0.10961+07 13.91 217 17067 0.14833307 14.21
153 146.4 0.1106t#07 13.02 218 146.4 0.14931407 14.22

159 12.6 0.3.4307 1392 213 125.6 0.1501E+07 14.22
160 107.7 0.11213+07 13.93 220 107.7 0.15081+07 14.23
161 92.31 0.11272+07 13.33 221 92.30 0.15149+07 14.23
162 73,24 0.11321+07 13.14 22 7.4 011 o 42163 67.97 0.1130N+07 13.94 222 679.24 0.15231+07 14.23

V ~~~164 50.30 0.11400+07 13.35 23 6.701210 42
16 00 .13+7 1.5 224 55.30 0.15271*07 14.24

-'165 50.00 0.11433+07 13.9 225 50.00 0.15301007 14.24
16 4.3 0116307 1335 226 42.39 0.15333N+07 14.24

167 36.73 0.11481+07 13,95 227 36.71 0.15353+07 14.24168 31.55 0.11501+07 1N.26 228 31.55 0.15373+07 14.25
169 27.06 0.11621+07 13.96 s 2,6 01320 42170 23.21 0,11543.07 13.16 2n' 27.01 0.15383+07 14.25

¶171 13,91 0.1155E+07 13.96 23 23.21 0.15421+07 14.25
172 17.07 0.11563+07 13.96 21 1.101430 42
173 14.54 0.17+7 1.6 232 17.07 0.1543V+07 14.25

14 156 0.11573+07 13.16 233 14.14 0.15449+07 14.2527 25 ,1$*7 1.5 234 12.56 0.15451+07 14 .25175 10.77 0.MP5E.O7 13.96 235 10.77 0.15465+07 14.25
176 9.230 0.....591407 13.96 236 9,239 0.15461407 14.25
177 7.924 0.11601+07 13.15 237 7,1924 0.1547E+07 14 .25
173 6.717 0.1160m+07 13.96 235 6.797 0.15473407 14.25173 5.830 0.1161E+07 13.96 239 5.830 0.1547E.407 14.25

240 5.000 0.15401+07 14.25

so
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1000
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Tim* Imin) 0 40 80 120 1k 00L 2410

Figure A-1. Sinusoidal sweep for MJL-STD 331, Method 119, Procedure!I TV test.

10',000,0

100,0

Time Imin) 0 0 80 10 IW i- '4

Figure A-2. Numbher of reversible cycici uaccumulated during the Mll,-STk) 331, Method 1 19,
Faoobdure I TV lost.
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APPENDIX B

APPENDIX B. - HDL MECHANICAL INSPECTION FACILITY.

The mechanical inspection facility provides a dimensional inspection capability for making intricate,
precise measurements of component parts and assemblies, whether made in-house or by outside
contractors. Services ure furnished to the Industrial Engineering Group by first-article sampling testing
and government acceptance gage calibration, and to the Calibration and Standards Branch by calibration
of measurement instruments, Accuracy of measurement is ensured by the use of high-precision,
computer-assisted electronic measuring equipment. All measuring equipment is calibrated on a regular
scheduled basui by comparison to primary standards, traceable to the U.S. National Bureau of
Standards.
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Figure B-1. HDL~ecebnical Inspection Facility.

Major items of inspection equipment and their e Optical depth gage
capabilities are as follows. Capacity, 10 in, in 1 in. Increments;

Accuracy, 0.000050 in.
o Coordinate measuring machine;, three axis

Capacity, 80 in, X axis, 20 in. Y axis, 16 in. * Toolmakers' microscope
Z axis, Accuracy, 0.0002 in.; Resolution, Digital readout, 0.0001 in.; Resolution;
0,0001 In. Magnification, 50:1

* Coordinate measuring machine; three axis a Linear measuring machine
Capacity, 24 i,. X axis, 18 in. Y axis, 8 in. Z Accuracy, 0.0000 10 in.
axis, Accuracy, 0.0005 in.; Resolution,

0,000 In,* Supermicronieter P&W
* Viewing screen scope, coordinate measuring Accuracy, 0,0001 in.

machine attachment, Magnification, 10:1
and 20:1

a internal-external measuring machine
* 30 in. Optical contour projector Capacity - internal, 0.125 to 12 in.; ex-

Digital readout, 0.0001 In. Resolution; ternal, 0 to 10 in.; Accuracy, 0,000001 in,
Magnification, lox to loox

* 14 in. Optical contour projector *Concentricity and surface artalyzer
Micrometer readout, 0,0001 in. Resolution, Roundness responses, 0 to 15, 50, 150, or
Magnification, lox to lOOX 500 CPR average roughnems; Width o~utoff,

0.003, 0.010, 0.030 in.; tracing, 0.005 In.
e Profilometer, linear surface measurement per e; MM switching, 0.05, 0.21, rnd 0.53

RMS, 0.003 in., 0.010 in., 0.030 in. cut-off mm-, tracing, 0.105 mm/s; Accuracy,
selector 0.0600025 in.
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a Hardness teeter, Rockwell 9 Spring precision load testers
Hardened steel and hard alloys Compression and tension

•Hardness tooter, Rockwell superficiW H Electronic height comparison gage
Unhardened steel, soft tempered steel, grey Accuracy, 0.00001 in.
and malleable cast iron, nonferrous metals

* Gage Blocks, Claim AAA
a Optical dividing head Calibration traceable to the U.S. National

Accuracy, 2 a of arc Bureau of Standards

:r4-
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APPENDIX C

APPENDIX C. - MANUFACTURER'S SPECIFICATION SHEETS.

The manufacturer'Er specification sheets for the triaxial accelerometer and the strain gage are
contained in this ar-:jendix.

a..



APPENDIX C

APPENPIX Ci. - MANUFACTURERS PRODUCT DATA SHEET

MODEL 23 850 milligram PICOTRIAXI*
Microminiature ACCELEROMETER

Gewieret Descriptioni Mounted Flefonance 50 000 He nominal
The Endovco* Model 23 Is an extremely Smail, adhesive mounted Frequency
trianial accelerometer. Three piezoelectric transducers aer Transverse sensitivity 6% maximnum
mounted in mutually perpendicular axes to provide a response to Amplitude Linearity, Sensitivity increaaenapprostmatety 1%
motior. In any direction, The smali mass of the Modal 23 allows Range per 250 pit 9, 0 to 2~ ig
It to measure the vibration characteristics of Small test specimens Zero Shift' 1 % of reading per 1000 g. approl
or llgh~Ilsweght, thin structures, reduclnCo effectively any loading mately, 0 to2000 g,

st~ed.,ELECTICtAL (each axts)
Featuring a broad frequelncy respionse and wide range oftlempera- Transducer Capacitaice 230 pF nominal, isiciudih ! B-inch 3003
lure, the Accelerometer also provides escellent mechanical Isola- cable assembly
lion front case and cable strain, and low pyroelactirla sensitivity, Resistance 2000 Mil minimum, at 72 1- 22 0);
Three low-noise, lield-rafscevable cables exit from a single faze tOO Mi minnmum, al350'- 1177 C)

a!o ths tizinaducar. Th'ey share a uamrrin connection with the Grounding All three Signal grounds common to case.
oase to provide a shield for the three svensing eleentns, The came ilard anodize provides Insulation on the
Is Insulated from the mounting structure by a hard anodized cur- Ii unling surf ace.
face, it any axls Is damaged In use or handling, It can be replaced Insulation Resistanlce' tIN [&) minimum af 50 V do
by the faciorl Insulation CAPACitarioc' 50 oF nominal

Ipeclaieticalna for Maxi 23 Acaelvirgemetr Uset lndeved
5 

Model Udc.2saau or ar0v aSesom Charge Aerufi,ii.,

ih uding to ANSI and isa ~edio 'Will aIol Wall cebir itioun",iiy sin, 4.1 3W57A erble aosoiiiiily

D11M110A3C (each axi) I yssed0 o n. k Pivld e lo..to huh r hurc itnunna, p0.. OndevesoPis

chargo sensitivity, u, - pC/g, nominal; 0,3 pC/g, minimum 1itutit,li Accvoeroinooie Miiriuul
Voltage Sensitivity' , lg o ii. 'ttrnpnri erel tr shilts romy be iii. ..d by ellok uc i wtlth wlls vitoultit

1,6 m~g, orlerroneous dale if the siusil isl sirnirohically inlegratiuii to oI~ltii viniucily, o
Frequency Fall once. 1-% nominal, -9%, l1 ?% maximum, displateiiieil ,iloinslatun
(charge)' 5 to 10000 He, references 100 He, %ivonsi around. luew) tii ,nwinutohua,,,,AC

TYPICAL TEMPERATURE REEPOOEE
Inn " __________________________________ The solid curve show" 11,5 nominal

in 10 chtattge -temperature response. Thek-.. I ~----.------- I I broken tite shows the nominal voliag-
-- temperature response withr the 6 inch

-incabie and 3 00 pP external capacilieicn.

-20

'C -ra aS 1 ISO 2i ill

Temperature

TYPICAL FREQUINCY REIPONIE

~n is The solid curve shows the typical charge-
enl~uilntcy respone ot thu Model 23. The

00 brnkon line hows thn' niominal voltage.

-. u~n equency response with 350 minrjohin
__________ cd and cable us riupplieci.

6 i01 s 100 i10000

F'requency - raz

PA

k~ZO~l~1 4,

Al-
.,** *. .. . lt0



APPENDIX C

APPENDIX C- 1. MANUFACTURER'S PRODUCT DATA SHERT(coni'd)

gpoetttudmm Is Metal 82 4 1e4 UNO,2A THREAD
MATES WITH ENOEVCO

IDI TIFICATION LABEL

MOLINTING GLIFIFACI

( 4 OI3 08)II

ASSEMBLY (IvsPLACILAb.IIL 1601 zq)

01 0N 0 14 F# 1t ol storows.
WH51XI Y Dmoa vin Painw Inches 1wS0la

VPHYSICAL. Bass Strain Sensitivity 0,006 aquilvlenifl g monlomal car 0i strain
Diegign $hear
Weight 850 milljigram noritlnat, ailthout cablesi I magnetic sensitivity 0.0009 equivalentg per cause nominal at

1.7 grams milligram nominal, with 3 each 100 gauss (10 aIT), 5Hz
6 inch (IS cm) cable, Acoustic Sensitivity 01006 equivailesnt g approximately, at 140Crystal Material Pislezite Type P-6 dBlSPL

Calse Material Aluminum Alloy Humidify Sealed wilth silicncom pound. Tests In.
Case Finish Hard Anrodifie dicate 48-hour protetinagatnsit 07%

PH it111
moval ropi provided, Atta*Ntafce.*

Connectors Special Connectors mater with 30G3 Cable
Cable'ualcoxaCbe Assembly. -CAUJTION, Remoail ot Ohlo will expselsoas eomltaum to oissmoment No.

""Replaoal oxa al eby mnarol lot removal InstpuctiolsModeol 30034. 6 inchelds (15 amt loicll.bald~.bg .lwtere~ illo,~ ~ ls *t5
CRES sheath with Kipaptan po yimi a PWhn asubjclted o high a.calae111nfla, as lttlh tahls cablesa m us ibia thiead
tacket, 44 pF nominal, dow ofabler o tei aclroeeluapoltot ro ~ Il wi h

Accessories Supplied rhireer each Model 300SA-72 Low Noiese -White .,aai... 1 to OU HE ts dB 0 =t niurobar - )0 p N/mi (Pal
Coaxial Cabie Assembiy, 0 ft. (1.8m) long, ______________________________

1S0 pil nominal, with mating connector
for 3003 isasembly one end, 10.32 plug Continued product nprovmmlrlel maoassilatlrs lthtFill rvese mrve the right to
on the other end. modity these oposcificaliol's without molle.
I6SOW Accelerometer and Cable Removal______________________
Tool

Accessories Available Model 3010A Low Noise Extension Cable RELIABILITY: Endevoo maintains a program at constransrt survel-~
Ase~iielance over all products to ensure a high¶ level of rellalbility, ThisAssebins progral. inceludes attention to reliablity tactors during productMode EJ4 Adpte, jont wo 1-32co- design, the support of stringent Ouslilty Control requirements, andaxiai plugs compulsory corneclive action procedures, These measureis, to.Model 3093-12 Cable Assembily, simila itelheor with conservative specitications, hasve made the name
to MdelSUBexcpt 1 Inhes(0. m) ndeblco synonymous with reliability,

INVOIONUKYALCALIBRATION: Each axle Is calibrated aI room temperature for
AcceeraionLimis' 0.00 gIn ay drecioncharge sensitivity at 100 liz, capacitance of transducer and cable,

maximumn transverse sensitivity, and charge frequency response
Tempratue Oprstrl -001Fto 301F from 20 Hit to 4000 HE. Other calibrationsw such sa Temperature

(-731 to 10*101 Response at -100"F (-13"C) room temperature, 23011 (19110).

Maximu: -11511a to3501F end 350'F 1 177"0) are available on opiclial order, See@ Calibration

(-101C o 17*01 Service Bulletin No. 301.

11111111 I VC O0

"AN~o40 VJO 43ADGANLANCAP1113TRA04M CA i1UM71 TELEPI 101`41 ( 711 d193 L418
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APPENDIXC

APPENDIX C-2. STRAIN GAGE MANUJFACTURER'S SPECIFICATION SHEET.

- - AI

N Series Semiconductor Strain Gages

The 95 Beries Sealcoriuctor Strain Gages are available inl both straight "lax"

~" ~ and "U" type configurations. They arm fabricated from P-Type silicon and

'I ~designed to afford maaimi flexibility with minimum stiffening to the operating

system. Wass than .000511 thick# the US type gages are available in active gage

lengths as small as 0.020" with~ an overall length of 0.040". The N strain

gageo operate from -1.000Y to +SCOOP and will withstand a strain level of 2000

micro-strain without damage.

Entran will apply the W gages to your prototype or 015 parts in any configu-

ration from standard two or fouw arm Wfheatstone bridges to custom spocified

arrangements. Am@a as small as 1/l" in diameter can be gageid with a fually

active four arm bridge. with constant voltage or 'constant cuarreont excitation#

Input strain can be directly converted to a millivolt output. Thermal sera

shifts and thermal sensitivity shifts can be comensat~ed to specifications an

tight an 0.011/D? over any operating range. Rntran can itidividually tailor

thermal compensation to each unit oc system and supply the associated compen-

sation circuitry In an external module or integral with the system.

specifications for the 21 Series Semiconductor Strain Gages are listed on the

reverse side of this bulletin. For addition&) Information or specific

quotation@# contact hntran directly.

145 PaUisn Assess

UNa POW, N.J. 5145
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APPENDIX C

APPENDIX C-.2 STRAIN CAGE MANUFACTUPE'~RS SPEC IFICATION SHEET. (Coni'd)

"MOEL 100 14131Th103 OM GAGE "as TMAL 0ZI TYFIR

333.020-120 120 +140 0. 020" 0.0400 0.0100 p

930-030-200 300 *110 0.0900 0.0400 0.0060 r
3SU-025-500 500 +135 0.025" 0,0500 0.014" V

35U-0)0"K500 so0 +140 0.030" 0.060" 0.020" F

ZSU-030-500 Soo 4125 0.0300 0.060" 0.014* P

Stu-0)O-K1000 1000 +155 0.030" 0.060" 0.020" P

951-050-130 120 +110 0.0600 0.0100 0.00G" p

333-050-500 S00 +145 0.050" 0.060" 0.0060 r

313l-160-430 La0 +320 0.150" 0.2500 0.020"

933-160-350 350 .135 0.1500 0.2500 0.006", P

MW-160-360 350 +120 0.110" 0.3250 0.0240 p

388-160-1000 1000 +140 0.150" 0,2500 0.006 p

gas 020 -200

ec0'figuration Active Gages Lenqrtl assist~ance
x .0010 h

"333" Tmp -22U- Type

GAGS TiVPt P-7Vips silicon

THICM968i 0.0005" now.

WATTAGE VAT100i 40 O

MAXIMUM TRAIN' 2000 Micro-$train

LMA WIRE: Gold or equivalent

Available int Matched onto of four gaes. and OW A

unmetched quiantity pracing.

Cont~act Entrmn for mapecitic quotation.
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APPENDIX C

Table C-1. Equipment for S&A Device Vibration Teut

AMPEX TAPE RECORDER HDL 38662
CEC RECORDING OSCILLOGRAPH HDL 30280hiHONEYWELL GALVANOMETER AMPLIFIER DOFL 17407, 17406
HP AMPLIFIER 465A HDL 34987 -GULTON TIMER HDL 36915

~' ~ KEITHLEY 1028 DECADE ISOLATION AMPLIFIER HDL 28477
KEITHLEY 102H DECADE ISOLATION AMPLIFIERHD287

HP 427 AC.DC VM HDL 39412

LING SHAKER
ENDEVCO CHARGE AMPLIFIER 2730)
ENDEVCO SHOCK AMPLIFIER 2718A HDL 29973
ENDEVCO SHOCK AMPLIFIER 2718A HDL 42667
ENDEVCO SHOCK AMPLIFIER 2718A HDL 32147
KEITHLEY 1028 DECADE ISOLATION AMPLIFIER HDL 22690
HP 62068 DC POWER SUPPLY
GOULD (BRUSH) PAPER TAPE RECORDER HDL 34109A
BALLANTINE PRECISION CALIBRATOR HDL 2491W
HP ELECTRONIC COUNTER 5212A HDL 25307I
KEITHLEY 102B DECADE ISOLATION AMPLIFIER DOFL 21384
KEITHLEY 102B DECADE ISOLATION AMPLIFIER DOPL 16758
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APPENDIX D

APPENDIX D. -ANALYSIS OF WEAR ON ARMING TIMERS,
BY LAWRENCE P. MaGINNIS
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APPENDIX D

1)-I. FIRST ANALYSIS -18 FEBRUARY 1977 D-2. ANALYSIS OFAS-DELIVEREDTIMERS-
31 JANUARY 1978 A

At the Harry Diamond Laboratories' (HDL)
former site in Washington, D.C., the wear of the Three "as-delivmred" timers (F-3B, F-48, F-58)
timers was measured by washing them in methanol, were walysed with ti. e recommended procedures
acetone, and, if necessary, in benzene. The wash that had been used on other timers,
liquids were passed through a weighed filter paper. The purity of the timers was in question. They
The paper was placed in a constant humidity had 'been handled, examined, dismantled, and
desiccator and then reweighed - the difference reassembled, They were not subjected to the TV
being the weight of the metal particles of wear from test.
the timer. The filter paper was quite gensitive to the
relative humidity (RH) of the room, and its weight The impurity of the timers is shown in table

'I changed greatly, The method was not workable. D. 1. The closer the net results are to zero, the purer
are the timers. The gross loss is several milligrams,

Samples F-1 to F-8 were run as above. The The total particles are about 1,5 mg, leaving a
metal collected was less than the weight change in discrepancy of about 5.5 mg -- here called "oil."
the paper. The residue was checked by use of a The coarse particles are dirt. Examination with a
microscope, but no conclusion was reached, magnifying glass shows some very fine pieces of

fiber, as if from a brush. No metal particles were
Sample F-9 was run by itself, On this sample, a found. Organic dirt may be present, since after

blank was used, In addition, the paper (test and cleaning, the parts seemed a little brighter. This
blank) was weighed several times over a week, and visual observation could not he checked, This fine
an average "empty" weight wa" taken, The run was dirt could have been carried over into the fine
made as above, and again the weight was taken particlea or, if soluble, burned off and counted as
over several days and averaged, By this method, a oil.
residue weight of 0.0076 g was achieved, This In reporting the results, blanks are not given-
weight was, however, not considered satisfactory, on tepnet results. blanks are rot heneonly the net results. '/Ihe blanks are reported here

On sample F. 10, the spent liquid wu devanted to emphasize the result of improper handling of theS' ~timers, The blanks show the amount of impurities •
slowly into another beaker, and the timer was timrsaTe blaks show the ament of fmourties

washd wth ethy aloho, a~'toe, tc.The that are picked up from the reagentis or from thewashed with methyl alcohol, arglotse, etc, The
improper handling of the solution in the analysis.

washings were set aside. All the residue was The net results in this case, since thee timers are
washed off with methyl a!cohol into a weighed conoidt retd to have arrived "pure." show the

icrucible; then the residue was dried and weighed, aniowit ,,f impurities that the timers picked up in
The washings were passed through a No. 42 filter the prehandling (amount of contamination caused
paper that had been treated ats in the F-9 sample so by human contact). Since the timers are washed in

that very fine particles in suspension could be
caugt. he esiue n te crcibe ws 00063 g solvent with a brush (not scraped), it would not be' ?A. caught. The residue in the crucible was 0.0008 g harmful to have the visual insipection after the '',

and on the paper, 0,0028, making a total of 0,0096 halyti hv Thi vul inod ectio afterthe
g. At present, this is the best Method to use. an~alydid. This would product- Ietter resuls. 'lherii-

fore, the recommended procedure is to analyze the
timers without prior handling,

Since other samples will most likely be processed
in the same way, the condition of the new building D-3. ONE METlOD OF ANALY.I USED
at the HDL Adelphi, MD, site han been checked. ON ARMIN(C TIMERS
"The Rli of the room is quite constant - about
20 percent, A large desiccator has been set up with The arming timers are analyzed for metal parti-
H2 S0 4 -H2 O so that at 24 C, the IH-I is 20 percent. cl(,l to determine the amount of wear caused by th,!
This is close to the RH of the room, transportation vibhation (TV) test. In this analysis,
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APPENDIX D

Table D-1. Virgin Arming Timers (All weights in grama)
Analysis Timer No.

- F38 F-48 F58 Blank4

Timer dried (70 C) 59.9836 60,1101 60.2251
Timer washed in solvent 59.9778 60,0982 60.2168
Groa loss 0,0058 0.0119 0,0083

Beaker empty 12,6503 13,6220 13,6210 13.4508
Beaker and residue 12,6520 13,6242 13,6234 13.4515

Gros large particle 0,0017 0.0022 0,0024 0,0007
Blank 0.0007 0,0007 0,0007

Large partilehs 0,0010 0,0015 0 0017

Crucible empty 10,8659 10,8725 10,4391 10,808.4
Crucible full 10,8671 10,3736 10,4403 10.8093
Gross fines 0.0012 0,0011 0,0012 0.0009
Blank 0.0009 00009 0,0009

Fine 0,0003 0.0002 0.0003
large pUrtiCles (above) 0,0010 010015 0,0017
Total piurtiles 0.0013 0,0017 0.0020 .

Gros lioss (above) 0,0058 0,0119 0,0088
Total particles (above) 0,0013 0,0017 0,0020
Difference "oil" 0,0045 0,0102 0,0063

it is expected that general analytieal care and tap water, and then washed with a sulfuric acid
techniqoes are to be used am outlined in any dichromate solution 3 (use care because this solu.
analytical teat, a tion is very corrosive and will attack clothing and

The balance used is of the analytical type. It skin). Rinse thoroughly (8 or 10 times) with tap
should be accurate enough to duplicate weighings water, then with distilled water. 3 times. (Rinsing
to + 0, 1 mg, This balance should have a capacity of many times with small quantities of distilled water
2 0 0 g, Items to be weighed are not touched with the is more efficient than fewer rinses with larger

fingers - tong sare used. since fingerprints have quantities). Torn upside down on a towel to drain,
weight, If in a hurry, rinse again in ethyl alcohol, drip dry,

and place in an oven at 1 10 C. A beaker so treated
The desiccator used should be airtight and should show no droplets when wet, If it does show

charged with a good desiccant such as "Drierite," droplets, it i. not clean and must be cleared again.

All glass and porcelain used are to bi "chem. The most convenient beaker iizes are 20, 250, and
ically clean" and free from scratches, They are to t.l 44 mi. The 20-ml beaker* are used asbe washed in any good detergent, rinsed well with crucibles; hence they get special treatment, They

F MoogoA M olw pln d*&% V cA.,.i.# -ai 0*vodea chAimeul xvbb"f COwNiOeY. isi

',I.eaA MK •wosmog a Sa&rag" deo"AWhIwl ok .. ho suE 1'ehw:w" by Me awkw w by Comm A No 1004
Amh',IA MemiU, Cal Oi')5J O Gr^.V
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are to be marked so that the markings will not come The timer can now be taken apart with the
off. (For example, their etched areas can be alter- fingers. The lids can easily be taken off with a
nately marked with a No, 4 pencil and wiped off.) pocket knife. Because some of the small springs
Place the beakers in a muffle oven at a temperature could easily be lost, it is best to take the timer apart
within the range of 250 to 300 C. When in the in a box. Separate the parts carefully and place

* muffle, cover with a lid. After about an hour, them in a 250-ml beaker. The parts are now
remove and place in a des.ccator to cool. When covered with methanol and allowed to stand for 1 to
cool, weigh. Repeat until the weighings are within 2 hours; the mixture should be stirred several
0.1 nig of each other, times. Since this might be a convenient place to

stop, the mixture could be left overnight, but the
Coor's porcelain No, 0 is the best size crucible to beaker should be covered with Saran,

use. The cruclflees are to be washed in a detergent, Ta
then boiled in a 1: 1 solution of hydrochloric acid, The methanol, along with any loose particles, is
rinsed with tap water, then with distilled water, and drained into a tall 400-ml beaker, The dummy
Sfired over a Meker burner or in a muffle furnace at primer is not removed, as it will be harmed by the

-"'"800 C for '• hour, Remove and place In a other solvents, Set the primer aside In a small
desiccator and let cool for about an hour, Repeat beaker until the last weighing. To thu beaker

"" '" the heating and cooling until the weights are within containing the parts, add enough benzene to cover,
'l • ,i zg of each other, The bealter is then covered with wrap and placed in01 .... oa shaker for 2 or 3 hours, It could then be left

overnight, If a shaker Is not available, the cleaning
The solvents called for are to be of American time can be lengthened to a day and the mixture

Chemical Society type - that is, the kind or stirred now and then, Since this Is the main grease-
quality used in analytical chemistry. The three dissolving procedure, it should not be rushed.
used are methanol, benzene, and acetone, when When finished, remove the cover (in the hood) and

, 1 called for, distilled water is used, There may he pick each piece up with a heavy pair of tweezers or
some criticism of the use of benzene since it is a long-nosed pliers, and brush each piece with a
health hazard. However, all the solvents should be small stiff brush, In these tests, a glue brush 7/8 by
used in a hood, When not In a hood, the beakers 3/4 In, was used, The parts should not be scraped,
should be covered with Saran' wrap held in place Each part is removed and placed on a watch glass.
with a rubber band. With the hood and the Saran Then the benzene and any particles are transferred
there should be no danger. The benzene should not into the 400-ml beaker with the methanol, washing
be omitted, since it is an excellent grease dissolver any sediment into the beaker with a stream of
and it can be obtained in a very pure form. acetone from a wash bottle, All the parts art! then

transferred back to the 250-mi beaker with care, so
The timers oure placed in a drying oven at a as not to lose any of the small parts. The parts are

reasonably low temperature, The author used 70 then covered with acetone and set aside, but are
C, rhis removes any moisture that may be present stirred several times. The shaker can he omitted,
and, at the same time, does not decompose " 9 oil As before, wash the acetone Into the 400-ml
on the bearings, After about I hour, the timers are beaker, washing any particles with a stream of
transferred to the desiccator, Let cool I hour, then acetone. Repeat the acetone wash two more times.
weigh. Repeat the heating and cooling until con- After completing the washings, transfer the parts to
stant weight (0,2 mg) Is obtained, Because a timer an aluminum weighing dish, or other suitable
could damage the halance pan or knife edges if it is container, along with the durum) primer, and
accidentally dropped (its weight is about 60 g), it place the container into thv . - n a before;
should be handled by hand rather than with a pair then weigh the parts as b ,ore, Repeat the drying
of tongs. A finger cot or a piece of clean paper could and weighing unthi constant weight is reached, as
be used in transferring the timer from the desic- before, Remove the parts and weigh the dish with
cator to the balance to avoid the addition of oil or care. From the total weight, subtract the weight of "A
pcrspiiation from the fingers, the dish; this in the weight of the clean parts.
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To another tall 400- or 500-ml beaker, place an slowly evaporate, Be sure to add an equal amount
amount of methanol, bensene, and acetone equal to of acetone to the blank as was used in the wasbings,
the amount nsed in the sample. This is the blank, which are alsa allowed to evaporate slowly. Keep
One blank Is enough for any group of samples run loosely covered to protect the residue,
together. This blank can be placed on the back of
the steam bath, nr low hot plate, with a loose cover. The residue, along with the metal particles, is
Cover closely enough to keep out dirt, but allow the transferred to a weighed 20-ml beaker, with a
solvent to be slowly evaporated. Do not allow the stream of acetone. It is evaporated to dryness on
solvent of the samples to evaporate - keep them the steam bath and kept clean. The beaker is
well covered with plastic wrap and a rubber band. replaced in an oven and heated at about 70 or 80 C

for about 1 hour, deniccated, and weighed. Repeat
Allow the washings from the samples to stand the heating and cooling until the weights are within

for 6 hours or overnight (it is important that they 0,2 mg or less of each other,
not be moved), Make a device (as shown in fig, D. 1)
to suck up most of the solvent, leaving about 25 ml The beakers and the blank containing the sol-
or, so In the bottom, Add about 150 ml of acetone to vent are pltced on the back of the steam bath or on
the sample, Stir and again let sit 6 hours or a low-temperature hot plate and evapurated almont
overnight, and treat as before, Do this three times to dryness. The residue is transferred to a weighed
with the acetone, All the sucked-up washings from crucible with the aid of a fine Jet of acetone from a
000e sample are returned to the original beaker, wash bottle, The crucibles are evaporated to dry-
covered loosely, and placed on the steam bath to ness on the low hot plate,

To Aspirator

S// I

25-nml level

400or 500-mi beker Erlenmayer flask Safety bottle

I'lgur•, D, I. Apparstuw to separate solvent from metal partilems.
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Iw

To this point, the beakers have not been minus the blank, figured the same way, is the
"policed," although this is necessary. However, the corrected weight of the fine particles. Label

acetone seems to react with the soft.rubber-tipped accordingly, 'V

glass rod used to dislodge particles from a beaker
so as to quantitatively transfer them to the crucible, The weight of the coarse particles plus the
Therefore, the beakers are washed with a fine jet of weight of the fine particles is the weight of the total

! V distilled water from a wash bottle, collecting all the metal particles. This is a measure of the amount of
water in one beaker (of the same run, of course), wear caused by the TV test. Label this "Total,"
With a few drops of water, police each beaker with "Coarse," "Fines," and "Total" are all sub-titles
the glass rod, and wash each beaker with A small under "Metal Particles Found." The "Total" sub-
amount of the water, combining the water into the tracted from the "Total Weight Lont" is the amount
crucible, a bit at a time, allowing the water to of oil. Label this "Oil."
evaporate, When the crucible is dry, wipe. the Tr
bottom with a clean cloth or a piece of filter paper. The figure given for the coarse particles is the

Place over a low flame and burn off the carbon, If a most accurate and is 90 percent of the weight

muffle is used, set the temperature at about 400 C needed to measure the amount of wear caused by

with the lids ajar and the door partly opon to allow the TV test. The "Fines" account for 20 percent or
air to get in, When the carbor. is gone, close the less, but they do have the most error. The metal
door and raise the temperatuire to 600 C, no higher. particles, for the most paut, are composed of zinc

If heating the crucible over a flame, raise the and aluminum. If the fine partles are heated too
temperature until the crucible is a dull red. Rotate high, there is the danger that some zinc is lost and

the crucibli with a pair of tongs to remove any some of the alunsinum is changed to oxide. If the

blackness, but do not heat too high, This is metal particles are not heated enough, there may be

important, since much of the fine particles may be some carbon left, In addition, we assume that all

zinc, which can be vaporized easily, In fact., zinc the oil burns off. The organic part of the oil does,
boils off at 900 C completely. When fhi~shed, but some oils may have such additives as sodium

remove the crucible and place in a desiccator to salts, and these would be left, It can be seen that
cool, Weigh in ebout I hour, Repeat the heating some of the errors are additive while others are iia
and cooling unt it 2 mg of negative application. However, since the fines a. i)

each other, at the most only 10 percent ofltht total metal
"particles, the errors may neutralize each other,

The weight of the timers at the beginning of the Further correction is not advised, The main (on-"• analysis minus the weig'ht of the timlers in the clean sideration is to have a good vldue to act as a
"state is the "Total Weight Ioss." measure of comparison between samples,

analThe weight of tee 20-ml beaker in thel metal
h ehf 2 be r rh e As can be seen, the oil is found by difference, All

particles are collected minuo the weight of the I
beaker in the initial state is the weight of the coarse the errors in any parn. of the anualyis will fl'l ors thas'I . section, For example, any of the ulkah, salts, stich as i

' i partiecle,. Label avcordingly.ptl Lal or lysodium, that may have been it, the oil will be found

The weight of the fired crucible full minus the anil counted as fine particles, A knowledge of the
weight of the fired crucible empty is the uncor- original oil used might help clear this up somewhat

I. i racted weight of the fine particles. This weight bui is probably not nee.ssaly.
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APPENDIX E :

TABLE E-I, S&A VIBRATION TEST DATA, April 13, 14, 1977

Start Time End Time Duration Tape Tape
EVENTRoer Ree"

D H M S D H M S (Min)(6) Channul No.

Calbration 102 11 13 23 102 13 32 53 5.3 2.7 1

Run-i Teat-I 102 14 9 01 102 14 38 54 30 2-7 1

Calibration 103 9 10 41 103 9 20 40 ,1.41 2.7 1

Run-1 Teat/2 103 9 24 15 103 9 54 01 30 2.7 1

Calibration 108 10 10 12 103 10 20 51 3.37 2.7 2

Run.1 Test-. 103 10 40 20 103 11 10 20 30 2.7 2

Calibration 104 11 16 09 104 11 40 58 4.59 2.7 2

Run42 Teat.! 104 13 38 40 104 14 17* 17 30 2.7 2

Calibration 104 14 52 15 104 15 02 25 3-29 2.7 a
Run-2 Teat-2 104 i 03 30 104 15 33 30 30 2.7

Run-2 Teat-3 104 15 41 30 104 16 12 16 30 2-7 3

Channel Noi 1 2 3 4 5 6 7

Data IRIG B Freq Cat Ago A.c-Z Ada.Y Acc*X Gage

Run Number Indicates posltion of ac.mlemmeter on tS&A device See FIgure 1, body of repert.

Run #- 1: Accelerometer opposite (180') strain gsape

Run # 2M AcceiMometer adjacent (90') swain gage

Test Number inditcten pustlon of deavie on ashker table 8e Figure 1, body of report.

'rest.n DeviLo on top or ahakor,, Z.ompunent vertloial

lei.t-2i Device on side of shakeor, X.uowponent vertic.al

Tumt.31 Device on eide of shaker, Y.compunent votileal
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TABLE E-2. ACCELEROMETER TEST DATA MAY 1.2,1977

Start Time End Time Duration Recorder Tape
EVENT. Char•el No. Reel Note

D H M S D H M S (4) Mode No.

Calibradon

Strain gage 7-FM

1'200(MV S) 10[ 11 13 23 102 11 13 34 11 7-FM 1

200 102 11 13 34 102 11 13 34 0.35 7-FM I

300 102 11 13 34 102 11 13 40 6 7-FM 1

X Channel T.-Axial Accelerometer

300 (MV RMS) 102 11 14 4,7 102 11 14 00 13 6-FM 1

200 102 11 14 00 102 11 14 04 4 6-FM 1

100 102 11 14 04 102 11 14 11 7 6.FM 1

Y Channel Tri-Axial Accelerpmeter

500 (MV RMS) 102 11 17 23 102 11 17 35 12 5-FM 1

400 102 11 17 35 102 11 17 38 3 5-FM 1

300 - - 17 38 - - 17 42 4 5-FM 1

200 1- - 7 42 - - 17 46 4 5-FM 1

100 - - 17 46 - - 17 49 3 5-FM 1

Z Channel Tri-Axial Accelerometer

"1000 (MV RMS) 102 11 18 42 102 11 18 57 15 4-FM

800 - - 18 57 - - 19 03 5 4-FM 1

600 - - 19 03 - - 19 07 4 4-FM 1

400 - - 19 07 - - 19 11 4 4-FM 1

200 - - 19 1I - - 19 16 5 4-FM I

100 - - 19 16 - - 19 21 5 4-FM I
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TAKLE &3, S&M TEST DATA, May 12, 1977

Slax Time End Time Duration Recorder Tape
EVENT hannel No. Reel Notes

D H M S D H M S (a) Mode No.

Calibrsadon

CoA.1 Chan.r l
500 (mvRMS) 102 11 21 22 102 11 21 32 10 3.FM I
S400 - - 21 32 - - 21 35 a 3.Fm 1
300 - - 21 35 - - 21 38 3 3.FM I

200 - - 21 38 - - 21 41 3 3FM I
100 - - 21 41 - - 21 45 4 3-FM 1

Frequency Channel

SO0H/IV do 102 13 30 00 102 13 80 31 31k 2FM I
400H%/,8V do - - so 31 - - 31 00 29 2oFM 1
300Hx/,6V do - - 31 00 - - 31 21 21 2-FM 1
200 Ha/,4V do - - 31 21 - - 31 51 30 2.FM 1
100 Hv/,2V do - - 31 51 - - 32 25 36 2-FM 1
2 HO$ OV de - - 32 25 - - 32 53 28 2-FM 1
RUN# I
TEST 1 102 14 9 01 102 14 38 54 30m 2.7 1
Ca.ibration

Z C I,(mV RMS) 103 9 to 41 103 9 11 24 4F I
500Y CH. (mV RMS) 103 9 13 10 103 9 13 26 16 5.FM I
500

XC. (mV RMS) 103 9 15 01 103 9 15 17 16 61FM I
300 mV RMS

Strain Gage Channel 103 9 18 57 103 9 19 10 13 7-FM I
Frequency Channel

5O0Hs/1V de 103 9 20 08 103 9 20 40 32 2-FM I

S RUN# I
TEST 2 103 9 24 !5 Lo0 9 54 01 210min 2-7 1 Ch. iAdS~~Ch. badI i

Calibration

Frequency Channel
SO Hs/I000mVdc 103 10 10 12 103 10 10 32 20 2-FM 2
400Hs/800 raV de 103 10 10 51 103 10 11 11 20 2IFM 2
800Ha/600 mV dc 103 10 11 13 103 11 11 40 27 2.FM 2A 20OHa/400 uV de 103 10 11 40 103 11 12 02 22 2.FM 2
1OOHa/200mV de 103 10 12 02 103 11 12 26 24 2 2FM
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TABLE &.3, S&A TEST DATA, May 12, 1977 (Cont'd)

7Start Time End Time Duration Recorder Tape
EVENT - hanniel No. Reel Nutius

D) H NI S D H NI S (6) Mode No,

Z channel Tri-Axial Accelerometer Ch. adc

600 (mVRMS) 103 10 16 5 103 10 16 is 10 4-FM 2

400 108 10 16 15 103 10 16 21 6 44FM 2

300 103 10 16 22 108 10 16 27 5 4-4M 2

2b0 103 10 16 27 103 10 16 31 4 4-FM 2

100 103 10 16 31 108 10 16 34 3 44FM 2

Y Channel Tel-Axial Accelerometer

500 (MV RMS) 103 10 17 39 103 10 17 44 5 5-FM 2

400 108 10 17 44 103 10 17 48 4 5-FM 2

300 103 10 17 48 103 10 1? 52 4 5-FM 2
200 103 10 17 52 103 10 17 55 3 5-F`M 2

)00 105 10 17 55 103 10 17 58 3 5-FM 2

X Channel Trl-Axala Accelerometer
600 mV RMS) 103 10 18 55 103 10 19 08 13 &FM 2

400 103 10 19 08 103 10 19 09 1 6-FM 2

300 103 10 19 09 103 10 19 12 3 6-FM 2

200 103 10 19 12 103 10 19 15 a 6-FM 2

100 103 10 19 15 103 10 19 18 3 6-FM 2

Calihration

Strain Gage Channel

500 (MV RMS) 103 10 20 21 103 10 20 29 8 7-FM 2

400 - - 20 29 - - 20 35 6 74FM 2

300 -, - 20 35 - - 20 41 6 74FM 2

200 - - 20 41 - - 20 46 5 7-FM 2

100 - - 20 46 - - 20 51 5 7-FM 2

RUN # 1
TESTS3 103 10 40 20 103 11 10 20 4130min. 2-7 2

Calibration

Strain Cage Channel

10 (miVRMS) 104 11 16 09 104 11 16 15 6 7-FM 2

20 - - 16 15 - - 16 22 7 7-FM 2

s0 - - 16 22 - - 16 30 8 7-F`M 2
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TABLE W-3, S&A TEST DATA, May 12, 197T (Cont'd)

Start Time End Time Duration Recorder Taps
EVENT - hannel No. Reel Notes

D H M S D H M S (s) Mode No. 4

40 - - 16 30 - - 16 58 28 7-FM 2

o5 - - 16 5s - - 17 09 11 7-FM 2

100 - - 17 09 - - 17 24 15 7-FM 2

Soo0- 17 42" - 17 56 14 7-i'M 2
400 - - 17 56 - - 18 04 8 7-FM 2

S0oo 18 04 is 1 10 6 7-FM 2 i

~: (600 - i 10 - - 18 15 5 74FM 2
700 - - 18 15 - - 18 19 4 7.FM 2

800 - - 18 19 - - 18 23 4 7-FM 2

900 - - 18 28 - - 18 28 5 7-FM 2i
1000 -. - 18 28 - - 18 40 12 7-FM 2

Calibration
X Channel Tri-Axlal Accelerometer

10 (mV RMS) 104 1I I 6 46 104 11I 25 so 5 6.FM 2
20 - - 25 50 - - 25 S3 a 6-FM 2

30 - 25 53 - - 25 56 a 6-FM 2

40 - - 65 56 - - 25 59 3 6-FM 2

50 - - 25 59 - - 26 02 8 6&FM 2

60 - - 26 02 - - 26 05 3 64FM 2

70 - - 26 05 - - 26 08 3 6.FM 2

80 - - 26 08 - - 26 11 3 6&FM 2

90 - - 26 11 - - 26 15 4 6-FM 2

100 - -- 26 16 - - 26 25 10 6FM 2

200 - - 26 28 - - 26 32 4 6-FM 2

300 - - 26 32 - - 26 35 3 6FM 2

400 - - 26 35 - - 26 37 2 6-FM 2

500 - - 26 37 - - 26 40 3 6-F.M 2
600 - - 26 40 - - 26 41 1 6-FM 2

* 700 - - 26 41 - - 26 48 2 6F4M 2

800 2- - 6 43 - - 26 45 2 6.FM 2

900 - - 26 45 - - 26 47 2 6-FM 2

1000 - - 26 47 - - 26 so 3 n-FM 2

IAi.4
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APPENDIX E

TABLE E-3, S&A TEST DATA, May 12, 1977 (Cont'd)

Sltat Time. End Time Duration Recorder Tape
EVENT .- 2hannel No. Reel Notes

D H M S D H M S (s) Mode No,

Calibration

Y Channel Tdi.AxW Aceelerumeter

10 (mV RMS) 104 11 29 09 104 11 29 11 2 5.FM 2

20 - - 29 11 - - 29 12 1 5.FM 2

30 - - 29 12 - - 29 14 2 5-FM 2

40 - - 29 14 - - 29 16 2 .-FM 2

so - - 29 16 - - 29 18 2 a:FM 2

0 -- - 29 1 -- - 29 20 2 5-FM 2 k

70 - - 29 20 - - 29 24 2 5.FM 2
90 - - 29 24 - - 29 26 2 5-FM 2

100 - - 29 26 - - 29 28 2 5-FM 2

'200 - - 29 30 - - 29 32 2 5-FM 2
3200 - - 29 32 - - 29 34 2 6-FM 2

400 - - 29 34 - - 29 36 2 5-FM 2
500 - - 29 36 - - 29 38 2 3.FM 2

600 - - 29 38 - - 29 40 2 54M 2
700 - - 29 40 - - 29 42 2 S-FM 2

800 - - 29 42 - - 29 44 2 54M 2

900 - - 29 44 - - 29 46 2 5-FM 2

1000 - - 29 46 - - 29 50 4 5.FM 2

Calibration

Z Channel Tri-Asilu Accelerometer

l0 (mV RMS) 104 11 38 41 104 11 38 3 4-FM 2

20 - - 38 44 - - 38 45 1 4-FM 2

30 - - 38 45 - - 38 47 2 4-FM 2
40 - - 38 47 - - 38 49 2 44M 2
50 - - 38 49 w- - ) 51 2 44M 2
60 - - 38 51 o- - 38 5 2 4-IM 2
70 - - 3 - -- ,8 55 2 44M 2

80 - - 38 55 - - 38 57 2 44M 2
90 - - 38 57 - - 38 59 2 4-FM 2

100 - - 38 59 - - 39 01 2 4-FM 2
200 - - 39 01 - - 39 03 2 4-FM 2
300 - - 39 04 - - 39 06 2 4-FM 2

8o
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APPENDIXE4

ii; ~TABLE E-3, S&A TEST DATA, May 12, 1977 (Cont'd)

Start Time End Time Dution Recorder Tape
EVENT Chn-e- -- anNo. Reel Notes

D H M S D* H M S () Mode No.

400 -- - 39 06 - - 39 08 2 4-FM 2

300 - - 39 08 - - 39 10 2 4.FM 2

600 - - 39 10 - - 39 12 2 4-14 2
700 3 9 12 - - 39 14 2 4-N~' 2

800oo 39 14 - - 39 16 2 44FM 2

;*900 - 39 16 - - 39 18 2 41FM 2

1000 - 9 18 - - 39 22 4 44FM 2

Calratibaon

Frequency Channel
09OHa/'OV do 104 11 40 25 104 11 40 35 10 2FM 2

500 H%/IV do 104 11 40 43 104 11 40 56 15 2-FM 2

RUN $2 aded
TEST 1 104 13 38 40 104 14* 17 17 ra0min 2.7 2 ing from

' (C•iibr&Won

strain GOP Cimwna
10 (mV RMS) 4 414• 62 1. 104 14 2 217 2 74M 3
I Y1 2 52 17 - 2 1 2 7-FM 3

so ; 0-- - 52 19 -- -- 52 21 2 74 $
"40 -2 21 - -- 52 23 2 7-FM 3

50 - - 52 23 - - 52 25 2 7-FM 3

60 - - 52 25 - - 52 27 2 7-M 3
70 - - 52 27 - - 52 29 2 74M 3

so - - 52 29 - - 52 31 2 7-M 3

90 - - 52 31 - - 52 33 2 7-FM 3

100 - - 52 33 - - 52 35 2 7-FM 3
*200 -- -- 52 36 -- -- 52 38 2 -3 3 ".'

300 - - 52 38 - - 52 40 2 7-FM .

400 - - 52 40 - - 52 42 2 7-FM

500 - - 52 42 - - 52 44 2 74I' 3

600 - - 52 44 - - 52 45 2 7-FM 3

700-- - 52 45 - - 52 46 1 7-I'M 3

800 - - 52 46 - - 52 47 1 7-W' 3

900 - - 52 47 - - 52 49 2 7-IM 3 4
1000 - - 52 49 - - 52 53 4 7-FM 3
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TABLE E-3, S&A TEST DATA, May 12, 1977 (Cout'd)

Start Time End Time Duration Recorder Tape
EVENT Channel No. Heel Notes

D H M S D H M S (4) Mode No.

Calibration

X Channel Tri.MAxal Accelerometer

10 (mV RMS) 104 14 54 03 104 14 54 05 2 6.FM 3

20 - - 54 05 - - 54 07 2 6-FM 3

30 - - 54 07 - - 54 09 2 6.FM 3

40 - - 54 09 - - 54 11 2 6,FM 3

50 - - 54 11 - - 54 13 2 6.FM 3

60 - - 54 13 - - 54 15 2 6.FM 3

70 - - 54 15 - - 54 17 2 6.FM 3

80 - - 54 17 - - 54 19 2 6.FM 3

90 - - 54 19 - - 54 21 2 6.FM 3

100 - - 54 21 - - 54 23 2 O-FM 3

200 - - 54 24 - - 54 28 4 6.FM 3

300 - - 54 28 - - 54 31 3 6-FM 3

400 - - 54 31 - - 54 34 a 0.1M 3

500 - - 54 34 - - 54 37 3 6.FM 3

600 - - 54 37 - - 54 39 2 6-FM 3

700 - - 54 39 - 54 41 2 6.FM 3

800 - - 54 41 - - 54 43 2 6.FM 3

900 - - 54 43 - - 54 45 2 6.FM 3

1000 - - 54 45 - - 54 48 3 6.FM 3

Calibration

Y Channel 'l'ri-Axial Accelerometer

10 (mV RMS) 104 14 57 33 104 14 57 3b 3 5-'M 3

20 - - 57 36 - - 57 48 12 5-FM 3

30 - - 57 48 - - 57 55 7 5-FM 3

40 - -- 57 55 - - 57 58 3 5-FM 3

50 - - 57 58 - - 5H 00 2 5-FM 3

60 - - 58 00 - - 58 (2 2 5-FM 3

70 - - 58 02 - - 58 04 2 5.FM 3

80 - - 58 04 - - 58 06 2 5-FM :3

90 - - 58 06 - - 58 08 2 5-FM :3

100 - - 58 08 - 58 12 4 5.4M 3

200 - - 58 13 - - 58 If) 3 54FM 3

300 - - 58 U) - - 58 19 : 54FM 3

400 - - 58 19 - 58 22 3 5-FM 3
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APPENDIX E

TABLE FP. S&A TEST DATA MAY 12, 1977 (Cont'd)

Start Time End Time Duration Recorder Tape
EVENT -Ch- oud No. Reel Not.

D H M S D H M S (a) Mode No.

500 - - 58 22 - - 58 24 2 5-FM I

600 - - 58 24 - - 58 26 2 54M 3

700 - - 58 26 - - 58 28 2 54FM 3

goo - - 58 28 - - 58 30 2 54FM 3

900 - - 58 80 - - 58 32 2 5-FM a

1000 - - 58 82 - - 58 39 7 5-FM 3

Z Channel Tri-Axial Acelerometer

10 (mV RMS) 104 15 0 00 104 15 0 02 2 4.FM 3

20 - - 0 02 - - 0 04 2 4-FM 3

s0 - - 0 04 - - 0 06 2 4-FM 3

40 - - 0 06 - - 0 08 2 4-FM 3

so - - 0 08 - - 0 10 2 4-M 3
-6 - - 0 10 - - 0 12 2 4NFM 3

70 - - 0 12 - - 0 14 2 4-FM 3
90 - - 0 14 - - 0 16 2 4-FM 3

90 - - 0 16 - - 0 18 2 4-FM 3

100 - - 0 18 - - 0 20 2 4-FM 3

200 - - 0 21 - - 0 23 2 4-FM 3

300 - - 0 23 - - 0 25 2 4-FM 3

400 - - 0 27 - - 0 27 2 4-FM 3

500 - - 0 27 - - 0 2y 2 4-FM 3

600 - - 0 29 - - 0 31 2 4-FM 3

700 - - 0 31 - - 0 34 S 4-FM 3

8(00 - - 0 34 - - 0 36 2 4-FM 3

900 - - 0 36 - - 0 38 2 4-FM 3

IoWo - - 0 38 - - 0 44 0 4-0M 3 j

Cadlbrtlion
Frequetivy Channel

'2()1•Ia0V de 104 15 W1 57 104 15 02 07 10 24FM 3

50013/IV de 104 I 15 02 15 104 15 02 25 10 2-IM 3

SBRUN - 2

TEST 2 104 15 03 30 104 15 33 30 %30 inen 2.7 3

wsr 3 104 15 41 30 104 16 12 16 •.30 rain 2-7 3
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APPENDIX F

APPENDIX F. -SPECTRAL DATA ANALYSIS RECORDS

Thi apedxpeet the results of an analysis of raw data collected on the S&A module in various
testconiguatins.Refer to Individual Loat records (app E) for test configuration and identifictioatn

(raw data have not been included),



APPENDIX F

POWER-P. C14AN-C

POWER1 SPECTRAL DENSITY RSCORD ID -4
Z-ACCELEROMETER TEST NUMBER 1.Z

0.1 ACC Z OUTPUT, T .EST 1, POSITION A RMS LEVEL w 4.979
RES. BW. . 8 Hs

0,01-

01001

0,0001

0,00001 I III
0 100 200 300 400 500 6w0 700 a00 900 1000O

FREQIUENCY (Hft

POWER-P, CHAN.C

POWER RPECTRAL DENSITY RECORD 1D - 8
Z-ACCELROMSTERTEST 1 . RUN 2

0.1 -ACC Z OUTPUT, TEST 1, POSITION B RMS LEVEL -3.980
RES. BW, 8 Hz

0.01

0 100 200 300 400 b00 600 700 900 900 1000

FREQUENCY lHil

.1 11 ~ ~~7-m - N tru



APPENDIX F

POWC-R-P, CHAN-C

POWER 6PECTRAL DENSIT RECOjRDID -3
01 Y.ACCELM0METER ATEST NUMBER- j2

AC Y UPTHTSEPSIINASS LEVEL - .506

0.0=01

FREQUENCY (Hz)

PWRPCHAN.C 1 OIIN4070 90* 90 10

POWER SPEC01TRAL DENSITY RECORD ID - 7

01001

010001

0.0D0001

0.000001
0 100 200 300 400 5~00 O00 700 80 900 1000

FREQUENCY (Nil
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POWER-P. CI4At-C

~' POWER SPECTRAL DENSITY RECORD 10-
X-ACCELEROMETER TEST NUMBER 1.-2

0.01 ACC X OUTPUT, TEST 1, POSITION A RMS LEVEL - .6.14

0100i

FREQUENCY (Hz)

POWER-P. CH-AN-C

POWER ECYRCRAL DENSITY RECORD 10 1
X.ACCELEROMETER TEST 1 -2 RUN 2

.1 ACC X OUTPUT, TEST 1, POSITION B HMS LEVEL a .AM6

O.OGO1

FREQUENCY (Hal
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POWER SPECTRAL DENSITY
RECORD ID - 4 RMS LEVEL - 0.00223 REs. B.W. - 8 ms
TEST NUMBER 1 -Z STRAIN GA3E

0.0uo1

0.00o1•.o,

i:!'. "0,001 S.. STRAIN CAGE OUTPUT

wu TESY I POSITION A

00000001

0.0 100 200 300 400 S00 600 700 am 900 )000

FREQUENCY Hz

POWER SPECTRAL DENSITY
RECORD ID - S RMI LEVEL • 0,0.U7 REH, W. - I Hi
TEST 1-Z RUN I STRAIN GAGE

0-0001

0,00001

I 0100000i STRAIN CAGE OUTPUT

w TEST i POSITION B

0.0000001 -

0.0000000 I I I
0'0 100 200 300 400 b00 600 700 800 m 1000

FREQUENCY Hz

4 90

IfX
A - I * '; I ',.,
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RrALS

5,0 
I I I I IsI I

Z.ACCELEROMETER,
TEST 1Z. POSITION A

4,0 -

3,0i-

4

2.0

10

0 100 200304.6
REAl, FREQUENCY MHz)

REALS
10,0 I I I I I '

- Z.AC C E L E R O M E T E R , T E S T 1 .Z , R U N 2 P O S I T I O N B

8.0

4.0

2.0 -

40•

0 100 200 300 400 50o
REAL FREQUENCY (Hz)
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REALS
0.21

X.ACCIELEROMETIP. TEST 1.2. POSITION A

0

RP.AL FREQUENCY (Hz)

REALS
5.0

-X-ACCELEROMETER, TEST I.Z. RUN 2. POSITION U

4.0

2.0

2.0

.0

REAL FREQUENCY (Ha)
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4--

REALS
2.0

1.8 Y-ACCELEROMETER. TEST 1.2. POSITION A

1.4

1.2 .

1.0

0.8 --

0,2

0 100 200 3004050
REAL FREQUENCY (Hz)

REALS

2.0 A

1,8 Y-ACCELEROMETER. TEST 1-.Z RUN 2. POSITIONSU

1.6

1.2

1.0

0.8 li

0.6

20

REAL FREQUENCY lHz)
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REALS

SSTRAIN GAGE, TEST 1.Z, POSITION A

0,08

0.06

0,04

0.02

0
0 100 200 300 400 500

REAL FREQUENCY (Hz)

REALS

0.10o~ oI .. .... . .I ' I IlI .... ..

SSTRAIN GAGE, TEST 1.Z, RUN 2. POSITION B

0108

0.06

0.04

0,06

, II I I

0 100 200 300 400 bO

REAL FREQUENCY I)
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POWER-P, CI4AN-C

F, III
POWER SPECTRAL DENSITY RECORD ID i
X-ACCELEROMETER TEST NUMBER 2-X

01 ACC X, TEST 2, POSITION A RMS LEVEL - 2.63Z
RES. S.W. 8IHz

0.01

0.001

0.00011,

o 100 200 300 400 bOO 80U 700 800 900 1000O
FREQUENCY (Hz)

POWER-P, CHAN-C

POWER SPECTRAL DENSITY RECORD IL) -9
X-ACCELEROMETER TEST 2.)( RUN 2

10.0 ACC X OUTPUT, TEST 2, POSITION B RMS LEVEL - 25.91
RES. B.W. 8 8Hz

Ix 1.0

00,1

0.001

0 100 200 300 400 600 600 700 am0 900 1000
FREQUENCY (Hil
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POWER-P, C1$N-C

POWER SPECTRAL DENSITY RECORD go I
Y-ACCELEROMETER TEST NUMBER 24X

0.01 ACC Y OUTPUT, TEST 2. POSITION A RMS LEEL - .3357
RUE& E.W. a 6Ha

01001

0.0001

0.00001

0.0000010 11 0 0 0 0 m 70 lo go 10

PREQUENCY (Hs)

POWER*P, CHAN.C

POWER SPECTRAL DENSITY RECORD ID 9B
Y.ACCELEROMETEM TEST 2-X RUN 2

10 ACC Y OUTPUT, TEST 2, POSITION I RMS LEVEL m3.64
RES. S.W. I 6Hs

0.01

0.001

0 100 m200 4M0 Boo Goo 700 No 90 lo
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APPENDIX F

POWER.P, CHAN-C
, I [ I I I I I I I

POWER SPECTRAL DENSITY RECORD ID - 2
Z-ACCELEROMETER TEST NUMBER 2-X0,001 ACC Z OUTPUT, TEST 2, POSITION A RMS LEVEL - 1963

RES, B.W. -8 Hz
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POWER SPECTRAL DENSITY RECORDID 11
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RES.B, 8 Hi
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POWER-P, CHAN-C

p IPOWER SPECTRAL DENSITY RECORD ID -2
STRAIN GAGE, TEST 2, POSITION A TEST NUMBER 2-X

0.000001 -RMS LEVEL - .006432
RES. S.W. S Hz

0.0000001

0 1100 200 300 400 50D 600 700 Bo0 900 1000
FREQUENCY (Hz)

POCWER P, CHAN-C

POWER SPECTRAL DENSITY RECORD ID -11

-~i STRAIN GAGE, TEST 2 POSITION 9 TEST 2-X RUN 2
RMS LEVEL - .009W67
RES, S.W. a 6Hz
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REALS
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0.5 r"
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PO3WER-P, CHAN.C

POWER SPECTRAL DENSITY RECORD ID I
£ RUN Y*ACCELEROMETER TEST NUMBER 3-Y

* .1 ACC Y OU TPUT, 1157 3. POSITION A AMS LEVEL - 2,507
Res. S.W. - 8 H.1

0.01
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'1 POWER.P, CHAN.C
POWER SPECTRAL DENSITY RECORD ID -10

Y-ACCLEROETERTEST 3-Y RUN 2
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APPENDIX F

POWER-P. CI4AN-C

tyPOWER SPECTRAL DENSITY RECORD 10 6

Z-ACCELEROMETER POIINATEST 3-Y ALIN I

0.001

0.00000I I II

FREQUENCY (Hz)

PWR POWRSETA DENITY  RECOR I00 12000
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0101

01001
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ilý
POWER-P. CHAN-C

PO WER SPECTRAL DENSITY RECORD ID - I *
0.1 RUN X-1 ACCELEROMETER TEST NUMBER 3-Y

ACC x OU'rPUTT6ST 3, POSITION A AMS LEVEL - .281
RES.BSW. -8 NZ

0 0 W 300 40 500 Goo 700 a00 o00 1000
FREQUENCY (Hz)

POE PCRLDNIYRECORD 1D0 10 .
10.0 ACCEEO TR TEST 3-Y RUN 2100 (CC OUTPUT, TEST 3, POSITIONS R MS LEVEL - 6.361

RES. S.W. 8 Hz '
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POWER'P, CHANC-

POWER SPECTRAL DENSITY RECORD ID - 6
STRAIN GAGE, TEST 3, POSITION A TEST $Y RUN 1

, o(,,0 nRMS LEVEL - .0091• 3
RES. S.W. 8 Hs

0.00001)OD

0,00000, --

0.0000000 F
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POWERSPECTRAL DENSITY RECORD ID - 12
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I ~X - ACCELEROMETER, TEST 3Y, RUN 1, POSITION A
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